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The primary purpose of,this investigation was to measure quantita­
tively certain responses of the potato leafhopper, Empoasca fabae (Harris) 
to selected alkaloids and alkaloidal glycosides of Solanum species. The 
rates at which the leafhoppers initiated imbibition from agar media con? 
taining the compounds, and their effects upon the survival of the leaf-
hopper nymphs were measured. Prerequisite to meeting primary objectives 
were (1) the modification of the medium, described by Dahlman (1963), to 
be used in sustaining the leafhoppers, and (2) the development of ade­
quate measurements of selective responses, in addition to measurements 
described by Dahlman (1963). More generally, it was e^çected that the 
investigation of selective leafhopper responses to conipounds of Solanum 
origin would contribute to understanding the conçlex relationships of the 
potato leafhopper and tuberiferous Solanum hosts. 
, The potato leafliopper is one of a conçlex of closely related species 
reported to have originated in Mexico and Central America. With the ex­
ception of E_« fabae, which is restricted to the warm, tençerate region, 
all the species are distributed in the tropics amd subtropics of the 
Americas (Ross, 1959), DeLong (1931, 1938) reported finding fabae 
in the United States westward to the Rocky Mountains in Colorado but the 
insect is not of economic inportance at elevations above 3500 to 4^500 feet. 
The adult potato leafhopper is about 3 mm long, light grass-green in 
color, usually quite brilliant and sometimes iridescent. Usually 
there is a series of six whitish spots along the front margin of the 
prothorax, "Two white stripes on the scutellum unite near the center 
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forming, the letter H., Accurate identification requires that the abdomen 
of the male be cleared so that internal integumental structures can be 
seen. Females are even more difficult to identify correctly (Cunningham, 
1962). 
The eggs, averaging 0.82 mm in length, are inserted singly into 
the main leaf veins and stems of host plants. The incubation period, 
greatly influenced by temperature, varies from seven days under greenhouse 
conditions with supplemental heat to 14 days under field conditions 
(Fenton and Hartzell, 1923). A nearly-colorless nymph emerges at the 
termination of the incubation period. Wingless nynçhs molt five times 
(Wilson and Kelsheimer, 1955) during approximately 13 days of the nynçhal 
stage (Fenton and Hartzell, 1923). The body of the nynph also changes 
from white to a greenish color after feeding on plant juices. In the 
North Central Region two or three generations are produced annually 
(Fenton and Hartzell, 1923). 
Each spring potato leafhoppers migrate northward into the North 
Central States (Medler, 1957) from overwintering sites south of 31® 
latitude (Ross, Decker and Cunnin^am, 1965). Curly dock serves as a 
naturail host for the arriving insects (Fenton and HartMll, 1923) but 
the leafhoppers move to commercial crops such as potatoes, beans, and 
leguminous forage crops as soon as such foliage becomes available. 
Potato leafhopper feeding induces extensive foliage injury (hopper-
» 
bum) in many tuber bearing Solanum species with the commercial potato, 
Solanum tuberosum, being especially susceptible (BCLLI, 1919). It has 
been postulated that toxic substances injected into leaf tissue during 
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feeding induce hopperburn injury (Fenton and Ressler, 1922; Eyer, 1922; 
Granovsky, 1926; Medler, 1941). "The last three instars are more toxic 
than either the first or second, or the adults." (Carter, 1962, p. 181). 
Carter (1962, p. 179) presented the following summary description 
of hopperburn synptoms on potatoes. 
"The first sign is the appearance of brownish areas at the tip . 
of the leaf and occasionally on the margins of the leaflets. 
These areas coalesce as the burning progresses until the entire 
margin of the leaf is brown and more or less curled. The burned 
margin increases in width until only a narrow strip along the 
midrib remains. In severe cases all the leaflets curl and dry 
up, the petioles wither, and defoliation occurs with only sli^t 
disturbance of the plant." 
Since the early 1950's there has been considerable activity in the 
area of reseetrch dealing with the biochemical nature of plant resistance 
and host-plant selection by insects. Excellent reviews in the latter 
field of study have been made by Lipke and Fraenkel (1956), Friend (1958), 
Fraenkel (1959), Thorsteinson (1960) and Beck (1965). Each of these 
papers discussed the role played by the solanaceous alkaloids and 
their effect on the selection of hosts by Leptinotarsa decemlineata (Say). 
Beck (1965) generalized the most current information by stating "A .number 
of the alkaloids [from Solanum species] exert adverse effects on larval 
feeding; tomatin appears to act as a repellent, and demissin as a feeding 
deterrent. Solanines, chaconines, and leptines also have been found to 
have adverse effects on larval feeding." 
That more than one type of resistance occurs in Solarium species is 
evidenced by the fact that the leaves of Solanum demissum are eaten by 
the Colorado potato beetle but not by its larvae while both adults and 
larvae refuse to eat leaves of Solanum chacoense (Kuhn and Li5w, 1955). 
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Even within the same host species decemlineata responds differentially 
to genetic variants (Koch, 1960). Aggregation and oviposition of 
Empoasca fabae have been reported to differ quantitatively in response 
to numerous varieties and crosses of Solanum tuberosum (Maughan, 1937; . 
Sleesman and Stevenson, 1941; Hill, 1944; Carlson and Hibbs, 1962; 
Miller, 1962) as well as to other Solanum species (SleesmM, 1940; 
Meade, 1959; O'Keeffe, 1965), 
Differences in alkaloid and alkaloidal glycoside content of Solanum 
species has been an area of intensive investigation, chiefly by European 
workers. Schreiber, et al. (1961) tabulated much of "the information 
available up to 1959. It is plainly evidert that these compounds are 
frequently concentrated in certain parts of the plant such as the 
unripéned fruit or leaves or tubers and that changes in concentration 
of these conçounds occur during the growing season. Wolf and Duggar 
(1946) reported dynamic changes of this type in varieties of Solanum 
tuberosum. 
Orgell (1963b) and Orgell and Hibbs (1963) investigated the inhibition 
* 
of human-plasma cholinesterase vitro by plant extracts including ex­
tracts of potato foliage. Orgell and Hibbs (1963) suggested that 
"plasma-cholinesterase inhibition reflected, at least in part, the pre­
sence of steroid alkaloids and their corresponding glycosides . . . ." 
The 24 potato varieties tested were placed into four categories of 
relative cholinesterase-inhibition. If the varieties within each group 
are con^>ared with ratings of relative numbers of^leafhopper nyn^hs or 
adults on some of the same varieties, there was some indication of an 
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inverse relationship between strength of cholinesterase inhibition and 
number of leafhoppers found on that same variety of plant. On this 
basis it would be interesting to know the effects of selected Solanum 
alkaloids on responses of E^. fabae. 
Fraenkel (1959) summarized the chemical characteristics shared by 
Solanum alkaloids that adversely effect feeding, development and ferti­
lity of L_, decemlineata. More extensive summaries were given by Kuhn and 
Lflw (1955) and Schreiber (1958). These characteristics included the lack 
of a double bond in the aglycon, a tetra- (as opposed to a tri-) saccharide 
component and the presence of :ylose. Schreiber (1958) expanded on this 
by stating that the polarity, or intramolecular opposition between hydro-
philic and hydrophobic parts of the molecule, is also an inçortant proper-, 
ty of resistance-causing conçounds for the larger the opposition of these 
intramolecular forces, the stronger the beetle-resistance of these alka­
loids. Associated with these changes in polarity are changes in surface 
and interfece phenomena and the formation of high surface or interfacial 
potentials (Kimoto, 1953, 1954). Such potentials can influence numerous 
natural permeabilities and additional physiological processes of the cell. 
The chemical receptors of insects may be influenced in this manner. 
In addition to the feeding-deterrent action it has been assumed that 
resistance-causing-alkaloids "induce a blocking of the steroid metabolism 
and effect the resorption of the phytosterines that are indispensable for 
the insects, thus e)g)laining frequently observed disturbances in develop­
ment and fertility." (Schreiber, 1958). 
It should be kept in mind that there are compounds of entirely 
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different structure such as the burning principle of red pepper, 
capsaicin (in gapsicum) and nicotine in tobacco that function as 
repellent confounds in certain Solanaceae (Praenkel, 1959), When 
the sequence of insect responses to the various types of plant-centered 
stimuli are described and the physiological processes of the host 
plant under infestation are understood, the ecological and evolutionary 
relationships between the two organisms can be clarified. 
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MATERIALS AND METHODS 
Test Insects 
An infestation of the potato leafhopper, Empoasca fabae (Harris), 
was maintained on broad bean. Vicia fW)a L.« in the Iowa State University 
Insectary greenhouse. The infestation originated from individuals 
collected locally from potato plants. 
* 
An aspirator was used to collect fifth-instar leafhopper nymphs 
from caged broad-bean plants. The nymphs were briefly anesthetized with 
COg and placed in plastic boxes, 1.75 inch x 1.75 inch x 0.75 inch, con­
taining two layers of filter paper moistened with distilled water. The 
boxes, containing the leafhopper nymphs, were held for 13 to 15 hours in 
a darkened insulated cabinet maintained at 85® Fahrenheit, During this 
period most of the gut contents were eliminated and individuals injured 
during collection were either dead or effects of their injury were evi­
dent. Uniform response to test materials usually were obtained from 
selected fifth-instar nymphs that had been subjected to a starvation 
period. 
Following starvation, leafhoppers were removed from the incubator •• 
and again anesthetized with COg. A camel-hair brush was used to place 
individual leafhoppers in plastic snap-boxes containing the test medium. 
Immediately upon completion of nyn^b>-placement in each replication (but 
after nymph-recovery from anesthetization) each test-animal was examined 
under a dissecting microscope to ascertain stadium and gross physical 
condition (a nynçh was accepted only if it was a fifth-instar, moved 
about actively, and showed no signs of physical injury; rejects were 
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replaced with acceptable individuals). An eigerienced worker could place 
and recheck 80 individuals within a 20 minute period. The replication 
was timed from the initial placement in the incubator. 
All tests were conducted at 85° Fahrenheit in a darkened incubator, 
minimizing responses to li^t and varying temperature. DeLong (1938) 
reported that temperatures of 85-90° Fahrenheit did not affect normal 
activities of E. fabae; Fenton and Hartzell (1923) stated that 85° Fahren­
heit was the best temperature for nymphal development and Kouskolekas 
(1964) reported that 86° Fahrenheit was probably the optimum temperature 
for development of E^, fabae. 
During experiments which extended over several days, leaifhoppers 
usually were transferred daily to freshly prepared cages to minimize 
contamination- from microorganisms. The use of certain expensive and/or 
hard-to-obtain conçounds necessitated using the original media for the 
entire experiment. In some cases, media were prepared and held at 34° 
Fahrenheit until used. 
Nymphs were handled and transferred with a camel-hair brush. Adults 
that emerged during the experiment were handled inside a glass topped box 
with latei^'ai openings to admit the technician's hands. If the insect 
escaped it was confined to the box and was recovered. Adults were trans­
ferred by quickly opening a cage and placing it upside down on the fresh 
cage, then giving both boxes a sharp rap to transfer the leafhopper. The 
box containing the leafhopper was then quickly closed. 
Cages for Testing Leafhopper Responses 
Clear plastic snap-boxes 1.0 inch x 1,0 inch x 0.5 inch served as . 
cages for leafhoppers during the experiments. Within the closed boxes 
there were two surfaces to hold synthetic medium upon which feeding 
could occur. One surface faced upward, the other was inverted. Some 
of the experiments with alkaloids employed two surfaces following 
techniques used earlier by Dahlman (1963). However, it was necessary to 
reduce the amount of test material used and therefore only the inverted 
surface was ençloyed. There was no evident reduction in survival or 
imbibition response of the individually caged leafhoppers when this 
change was made. 
Synthetic Control Media 
In previous experiments adults and nynçhs of E^, fabae survived a 
few days on a matrix of 2% (w/v) agar, without added nutrients (Dahlman, 
1963). The same matrix was modified by replacing the distilled water 
with"0.1 M histidine'HCl which served to buffer the medium at approxi­
mately pH 6.1. Rhodamine B, a red organic dye, was added in a final 
concentration of 2 x 10"® g/ml of medium. The dye served as an indicator 
of leafhopper imbibition. Responses of leafhoppers to the above concen­
trations of hxstidine and rhodamine were not significantly different from 
controls that did not contain these compounds (Appendix Tables 18, 19, 20, 
21, 22 and *23). The medium, designated as the agar control in all 
experimentation, consisted of 2% agar made up in 0.1 M histidine'HCl con­
taining 2 X 10"^ g/ml of rhodamine B. This medium contributed little to 
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the nutrition of the leafhopper. If feeding stimulants and/or deterrents 
were present they would appear uniformly in all treatments. A second con­
trol, designated as sucrose control, contained 1% (w/v) sucrose in ad­
dition to the aforementioned concentrations of agar, rhodamine and histi-
dine. One per cent sucrose was a veiy definite feeding stimulant and 
played an important role in the nutrition of this insect. 
Nutrients and other substances could be added to this basic medium 
for study of their influence on orientation, probing and salivation, 
imbibition, selection of molting site, and survival. The heated agar 
mixture was poured into both halves of the box, allowed to solidify and 
then one inch squares "of filter paper were placed over the agar surface. 
The paper enhanced survival by preventing leafhoppers from becoming 
trapped on the agar surface oz- in condensed water droplets but did not 
prevent the nymphs from responding to the test materials. 
Insect Responses to Synthetic Media 
Imbibition 
A single color-scoring method was convenient for measuring imbibition 
by leafhoppers on various diets. Such methods have been used with other 
Homopterous insects, one of the most successful was reported by Mittler 
and Dadd (1963a) in which neutral red was added to the diet and the tçtake 
was measured on an arbitrary scale. 
Indicator dyes that change color with changes in pH were not satis­
factory for this particular work because high acidity of chemicals used 
in tests for enzymes of insect origin usu^ly changed the color of an 
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indicator dye, thus obscuring any potential color change from the reaction 
with the enzyme (Dahlman, 1963). In addition there was the problem of 
finding a dye that did not alter the physiological state of the animal 
(see Mittler and Dadd, 1963b). Consequently, several fluorescent dyes 
which exhibited little color change with change in pH and which showed 
intravital staining properties (Gurr, 1960) were tested. Rhodamine B, 
which produced an intense red color in very dilute concentrations, did 
not change color with change in pH, and had no apparent effect on the 
survival of leafhoppers, was chosen as an indicator. 
A nyn^h was considered red if any concentration of dye was visible 
within the body. This was best determined by removing the individual 
from the test-cage to a clear plastic snap-box 1.00 inch x 1.00 inch x ' 
0.25 inch placed against a yellow background and observing the leafhopper 
under a dissecting microscope. This method, although somewhat subjec­
tive, had been successfully ençloyed by two other workers (Tomhave, 1964; 
Schroeder, 1965). Imbibition values were determined for each nynph at 
four equal intervals for the first twelve hours of the test. Each of 
those nymphs found to be red after three hours' e:q>ogure to the test 
material was assigned an imbibition value of four; those red after six 
hours, three; after nine hours, two; and after twelve hours, one. The 
total evaluation for ten nysçhs on each treatment was then determined 
and this value, the rate of initial imbibition, was used for comparison 
with other replications and other test material. 
No atten^t was made to construct a rating system based on intensity 
and location of the dye in the gut, such as Mittler and Dadd (1963a) 
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accomplished with the green peach aphid, Myzus persicae. However, with 
continued feeding the intensity of color progressively increased. The 
dye penetrated the gut wall and circulated in the haemocoel and eventually 
was partially removed by the Malpigian tubules which became bri^t red 
in color. Red drops of honey dew also were observed and were especially 
evident on the lower surface of test cages. 
The number of droppings could have been used as a measure of the 
amount of feeding by the nynçhs. A high correlation of this type was 
shown fbr Erythroneura elegantula Osb., a leafhopper found on grape 
(Kido and Stafford, 1965), 
Survival 
The traditional approach to the study of a substrate's effect on 
an animal was to observé the duration of survival of the experimental 
animal on the given substrate. More specifically, this approach has been 
used in the development of diets for certain aphids and leafhoppers 
(Mitsuhashi and Mararoorosch, 1963; Mittler and Dadd, 1963b; Dahlman, 196*4) 
and has been used with the larvae of Colorado potato beetle, Leptinotarsa 
decemlineata (S^), in tests with different alkaloids and glycosides 
(Kuhn and L8w, 1955), 
Survival time of fabae was used as a basic criterion in all 
experimentation reported here. Each leafhopper was checked at three-hour 
intervals for the first twelve hours of the experiment and at 24, 31, 18, 
55 and 72 hours thereafter. Checks were usually continued past 72 hours 
but individuals on agar-control-diets usually were dead by this time. 
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Consequently, most comparisons concern total leafhopper response within 
the first three days of the test. The method of conçaring survival time 
was changed from the use of one value based on 50% survival time to one 
based on the number of leafhoppers surviving per unit time (leafhopper 
survival hours, LSH) within the first three days of the e^qieriment. 
If the insect died between observation periods the mid-point was taken 
at the time of death.^ 
A leafhopper was considered alive if it could move about actively. 
Occasionally, individuals were deformed during molting, most often having 
either improperly dried wings or inçorperly formed posterior legs. Such 
deformations limited the movement of the animal but did not prevent it 
from feeding once hardening of the new cuticle had taken place. Such 
animals were considered to be active. Some nynçhs remained immobilized, 
not being successful in removing themselves from exuviae normally cast 
during molting. These animals were counted as dead. The number alive 
plotted against time at the end of each series of observations and the 
total LSH were calculated at the conpletion of the experiment. 
Statistical Tests 
Data of each e:q)eriment were subjected to an analysis of variance 
(Snedecor, 1956). Generally, the degrees of freedom included only treat­
ments and error; however, in cases wheref'^he source of leafhoppers varied 
within an experiment, variation among.replications also was identified. 
Differences among treatments were determined either with Duncan's multi­
ple range test or with orthogonal comparisons in factorial ejçieriments of a 
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completely randomized design, Duncan's test (Duncan, 1955) was applied 
to experiments in which there was only one variable (test compound), 
Corrected critical values reported by Harter (1960) were used in place 
of Duncan's original values. Orthogonal comparisons (Snedecor, 1955) 
in the form of 2 x 3 or 2 x 4 factorials were applied whenever two 
variables (test compound and sucrose) were ençloyed. These comparisons 
provided a more accurate evaluation of differences among treatments than 
did Duncan's test. 
Modifications of the Basic Synthetic Medium 
Tomatine 
The effects of tomatine, an alkaloidal glycoside, iÇ)on the responses 
of leafhopper nymphs were measured, Tomatine purchased from Nutritional 
Biochemicals Corporation was used for all experimentation with this com­
pound. 
In the first experiment leafhopper responses to 1 x 10"^ M and 
1 X 10'**^ M tomatine in the presence or in the absence of 1% sucrose were 
observed, .The ejçeriment permitted detecting the degree of independence 
of the leafhopper's responses to the test conçound and to sucrose. More 
extensive tests with the following six tomatine concentrations also were 
conducted: 1 x 10-2 m, 1 x 10"^ M, 7 x 10"^ M, 4,2 x lO"'^ M, 1 x 10"*^ H 
and 1 X IQ-® M, Because it was physically inpossible to handle 14 treat­
ments at one time, tests with these concentrations with or without 1% 
sucrose were conducted at intervals of five days. 
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Tomatidine 
Tomatidine, the aglycon of toinatine, K 6 K Laboratories, lot § 50827S 
was tested in concentrations of 1 x 10" M and 1 x 10" M in the presence 
or in the absence of 1% sucrose. 
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Difficulty in dissolving this aglycon in water was overcome by 
mixing the dry ingredients before addition of solvent. After addition 
of 0,1 M histidine the entire mixture was stirred to facilitate contact 
of the crystals with water. The rise in temperature needed to melt the 
agar succeeded in bringing the compound into solution. Tomatidine is 
relatively stable at 60-70° Centigrade so there was little danger of 
altering its structure during preparation of media, 
Solanine 
Solanine, which occurs in many species of the genus Solanum, was CLLSO 
chosen for investigation. A preliminary experiment with two concentra­
tions of solanine, 1 x 10"^ M and 1 x 10"**^ M, (K g K Laboratories, lot 
# 51624S) was conducted using treatments containing 1% sucrose and others 
in which the sucrose had been omitted. An additional test was made on the 
following series of concentrations of solanine in the absence of sucrose: 
1 X 10"^ M, 8.2 X 10"*^ M, 6.4 x lO""^ M, 4.6 x lO"*^ M, 2.8 x 10""* M and 
1 X 10"^ M. 
Solanidine 
Solanidine is the aglycùn, not only of solanine, but also of 
chaconine. The material used was purchased from K g K Laboratories, 
lot # 18570. 
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One experiment with this material was performed using concentrations 
of 1 X 10"^ M, 5 X 10 M and 1 x 10M in the presence or in the absence 
of 1% sucrose. No difficulty was encountered in dissolving this conçound 
in water. 
Demissidine 
The alkaloidal glycoside, demissine, was not available for testing 
but the aglycon of this conçqund was purchased from K £ K Laboratories, 
lot # 11158. It was tested at three different concentrations with or 
without 1% sucrose. The demissidine concentrations of 1 x 10"^ M, 
5 X lo"'^ M cind 1 X lo"'*^ M all dissolved in water \spon heating. 
Solgma chacoens^ extract 
Kuhn and LBw (1957) reported that a new substance which was very active 
in tests with the Colorado potato beetle had been isolated from the leaves 
of Solanum chacoense. This substance was named leptine I. Another paper 
by the same authors (1961a) was considerably more informative on the 
physical and biological properties of this and related confounds. 
No commercial sources of leptine I could be located and personal 
communication with Dr. Richard Kuhn at Max-Planck Institut fur Mediciniche 
Forschung, Heidelberg, Germany and Dr. Klaus Schreiber, Institut fur 
Kulturpflanzenforschung, Gatersleben Krs. Aschersleben, East Germany, 
revealed that their siçply of this confound was exhausted. Dr. Schreiber 
suggested extracting the material from leaves of Solanum chacoense 
following procedures described by Kuhn and L8w (1961b). That paper 
provided additional information on the physical properties of leptine I 
and related compounds as weU as a short discussion of physiological 
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properties. The extraction was undertaken. 
Solanim chaeoense leaves were collected on September 10, 1964 from 
plants grown at the USDA Plant Introduction Station, Sturgeon Bay, 
Wisconsin. The plants were pulled from plots and taken to a work area . 
where soil was hosed from the leaves. The leaves were stripped from the 
stems, placed in plastic bags, labeled, and frozen on dry ice, Kuhn and 
L8w (1961b) reported the presence of an enzyme, believed to be an esterase, 
in the leaves of chacoense. This enzyme cleaves the acetyl grotp from 
leptine, making it ineffective as a factor in the resistance of the plant 
to the insect. German workers inactivated this enzyme by boiling the 
leaves in distilled water for five minutes. This boiling could not be 
accomplished at the collection station and it was hoped that immediate 
freezing of the plant tissue would, at least, slow down the action of the 
enzyme. 
A large insulated chest containing the entire collection of frozen 
leaves, well mixed with dry ice, was transported by automobile to Ames, 
Iowa. The frozen leaves were transferred to a chest-type freezer main­
tained at -17® Fahrenheit until the material could be processed. The 
first extraction was conpleted by November 11, 1961- and the second ex­
traction by May 31, 1965. 
EVozen leaves of chacoense were removed from the freezer and 
weighed into 100 g portions. Each portion was placed into one liter of 
boiling water held in a 2-liter beaker. Three units of this type could 
be handled efficiently by a single worker. The leaves were boiled for 
five minutes to inactivate enzymes deleterious to leptine I. A cheese­
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cloth sieve, svçported by a large glass funnel, was used to separate 
the boiled leaves from the water. The filtrate, after being returned 
to its original volume by addition of distilled water, was brought to 
a boil for the next 100 g portion of leaves. Boiled leaves were kept 
until all leaves were processed. 
One hundred and fifty-gram portions of boiled leaves placed in 
quart-jars were blended with a Waring Blendor for three minutes. After 
blending, distilled water was added to bring the total volume to an 
equivalent of two liters of water per kilogram of tissue. 
The watery paste was boiled for 20 minutes, cooled and centrifuged 
for 15 minutes at 8,5 x 10® rpm in a GSA head in a Servall refrigerated 
centrifuge. The siçematent was removed and the precipitate was once 
again boiled for 20 minutes in enough distilled water to ibrm one liter 
per kilogram of plant tissue. After cooling, the paste was centrifuged 
again for 15 minutes at 8.5 x 10® rpm in a GSA head in a Servall re­
frigerated centrifuge. The svçematent was poured off and the precipi­
tate was discarded. • -
The combined stçematent was filtered through #613 Eaton-Dikeman 
filter paper using a Buchner funnel. Vacuum was stgpplied by a water 
aspirator. The precipitate-free water portion was then extracted four 
times with n-butanol using a 1:1 ratio of extract and butanol for each 
extraction. The water fraction was discarded after the fourth extraction 
but the butanol fraction was saved for further processing. 
The butanol extract was concentrated to a thin pasty residue in a 
Buchi Rotavapor Rotary Vacuum-Evaporator and further dried in a Fisher 
drying-oven maintained at 65° Centigrade. The residue was then placed in 
a vacuum desiccator over a Tel-Tale silica gel to remove any remaining 
moisture. This dry raw-product was then ready for the next purification 
step. 
Separation of the alkaloid was best accomplished with a column of 
AI2O3 (Woelm, acid. Activity I) and a solvent of water-saturated 
n-butanol/ethyl acetate (1:1); the entire mixture completely saturated 
with water. The column was prepared by first filling the tube three-
quarters full with solvent and then placing a pad of ^ ass wool in the 
tapered end. Dry AI2O3 was then slowly poured into the solvent. Constant 
tapping of the column was required to free air pockets that especially 
tended to form if ÂI2O3 was added to rapidly. The completed column 
measured 3.8 x 27 centimeters. 
The raw product was prepared for placement on the column by finding 
a three-gram portion to a fine powder in a glass mortar and pestle. The 
powder was extracted with 200 ml of solvent and a dark, oily residue 
remained. Much of the pigmented material taken 15) by the solvent was 
removed by placing the solution on approximately 70 g of AlgOg (Woelm, 
acid). This preparation was periodically swirled and then left to stand 
overnight. The following day the solvent was poured off and the AlgOg 
was washed with four 50 ml portions of solvent. The wsishings were com­
bined with the initial 200 ml fraction to form a total volume of approxi­
mately 400 ml, Attenpts were made to reduce this volume but a gel formed 
and obviously it could not be used on the column, 
A Packard, Model 230, automatic fraction-collector facilitated 
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collection of fractions. One-hundred milliliters of solvent containing 
the raw product were added to the top of the column. It was washed down 
with three 25-ml portions of solvent after which a 2-liter separatory 
funnel was mounted over the column to provide a continuous^ supply of 
solvent. The flow rate was adjusted between 40 and 50 drops per minute. 
With the exception of decreased flow rate as some pigmented materials 
passed through the column, a relatively even rate persisted until the flow 
was terminated. The turntable of the fraction collector held tubes which 
had individual capacities of about 30 ml. The timer was set to advance 
the turntable when approximately 25 ml had been collected in each tube. 
Each set of two tubes was combined to form an approximately 50-ml frac-? 
tion. These were kept in cork-stoppered 50-ml erlenmeyer flasks until 
the content of each was determined. Approximately 55 to 60 fractions were 
collected from each column. 
One-milliliter sanples of each fraction were pipetted into spot-plate 
depressions and the spot plates were heated to 50® Centigrade on a Fisher 
slide-warmer. Each dried sangle was dissolved in 0.1 ml of 50% acetic 
acid. This volume was taken vp in micro pipettes and spotted on 
Schleicher and Schfill 20i»3b sheets of filter paper. The 58 x 60 cm 
sheets were cut in half, forming sheets of 29 x 60 cm which, when stapled 
into the form of a cylinder, fitted inside circular chromatography jars 
that were 12 inches in diameter and 12 inches deep. Each sheet could 
hold a maximum of 27 sangles plus a solanine standard. The base line was 
two centimeters from the bottom of the sheet; two centimeters was main­
tained between centers of spots and three centimeters between the edge of 
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the paper and the center of the first spot. Rapid drying of solvent 
was facilitated by holding the paper on a slide-warmer maintained at 
50® Centigrade as the compounds were spotted. 
The solvent of ethyl acetate/pyridine/water (5:2:1) ascended the 
paper in approximately six hours in a saturated atmosphere at room 
temperature. This time was adequate to provide distinctly different 
Rf values for all compounds investigated. After this period, the paper 
was removed and air dried. It was then passed throu^ a solution of 
1% phosphomolybdic acid in acetone. After drying, the paper was wêished 
in distilled water until yellow spots could be seen. The yellow spots 
were not very distinct but tpon drying and exposure to light for eight 
. to twelve hours, the yellow spots became an easily distinguishable per­
manent blue-color. 
Basically, only two categories of spots appeared. The first gcovp 
usually was included in fractions 19 to 25 and the second group in 
fractions 27 ^  33, Some of the time there was an overlap with the same 
fraction containing small amounts of both confounds. The first fraction 
had an Ro< (R^ equals Rf of compound/ R^ of solanine) of 1,7 to 1,8, 
The compound in the second fraction had an Roe of 1,0, 
Kuhn and LBw (1961b) stated that leptine I had an Rex of 1,8 and 
(X-solanine a R<% of 1,0, The solanine control was not confirmed to be 
totally OC-solanine but only one spot was observed and the RCK values for 
P - and y-solanine are quite different from that of <=*-solanine, 
therefore it was assumed to be homogenous. 
Fractions containing the same material were combined and held until 
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sufficient quantities were obtained fi?om repeated runs with freshly 
prepared columns. In all, 26 columns were prepared and the above 
described procedure repeated. 
Each of the combined fractions was concentrated by removing most of 
the solvent by means of a Buchi Rotavapor, The concentrate was then 
transferred to beakers which were covered with cheese cloth. The beakers 
were placed in a Fisher drying oven maintained at 65® Centigrade to evapo­
rate the remaining solvent. The residue was dissolved in methanol and this 
solution was heated in a water bath to approximately 55® Centigrade. Con­
centrated NH^OH was then gradually added until multi-range hydrion paper 
indicated that pH 11 was reached. At this pH the solution was very 
cloudy due to precipitation of alkaloid. Th# beakers were covered and 
placed overnight in a refrigerator. The following day the precipitate 
was filtered off and washed with alkaline methanol. It Wcis then air dried 
before being placed into a vacuum desiccator over Tel-Tale silica gel. 
Only fractions two, three and four yielded precipitate. Fraction two 
contained leptine-related confounds; fraction four contained solanine-
related compounds and fraction three was a mixture of leptine and solanine. 
Although the extraction of pure leptine I, reported to be responsible 
for Solanum chacoense resistance to the feeding of the Colorado potato 
beetle, was not entirely successful, a crude mixture of compounds includ­
ing leptine I ""was obtained. Leafhopper response to this mixture was 
/ 
examined. Experiments were conducted using molar concentrations based on 
the assumption that the mixture was pure leptine I (mol wt 910.0). The 
actual content of leptine I in treatment preparations was probably cpnsi-
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deràbly less. The data is reported in per cent extract. 
An IR spectrum of the November 11, 1964 extraction was made using a 
KBr pellet in a Bedcman-IRSA Infrared Spectrophotometer. This is shown 
in the upper spectrum. Figure 1. With the exception of the absence of a 
clearly defined peak at 5,75 jjm this spectrum appears similar to that 
reported for leptine I by Kuhn and LBw (1961a) althou^ it has not been 
possible to determine conclusively whether or not the published spectrum 
was from a KBr pellet. The lower IR spectrum in Figure 1 is that of the 
May 31, 1965 extraction. It differs markedly ft>om the first extraction 
at 3,45, 7,95, 8,95, 11,50 and 12,40 um. These differences, plus the 
fact that the second extract was less soluble in water, indicated that 
the two compounds tested were not identical. 
-3 A small, preliminary experiment using 0,091% (1 x 10" M) extract in 
1% sucrose elicited a response from leafhopper nynphs. Additional extract 
had to be prepared before a second experiment could be conducted. Because 
of the small amount of extract available tests were conducted only in the 
presence of 1% sucrose. Four concentrations were tested: 0,091% 
(1 X 10-3 M), 0,0455% (5 x 10"* M), 0,0091% (1 x 10"* M) and 0.0046% 
(5 X 10"S M). 
Infrared spectra of the leptine I extract prepared from leaves of Solanum chacoense 
Upper spectrum. Extraction completed November 11, 1964 , 




Insect Responses to Tomatine 
Imbibition 
Rate of initial imbibition in response to two concentrations of 
—3 -1* 
tomatine, 1 x 10" M and 1 x 10 M, in the presence or in the absence 
of 1% sucrose, are reported in Appendix Table 24. The summarized data 
in Table 1 are means of three replication sums each including ten indivi­
duals per treatment in each replication. Differences among treatments 
were evaluated using a 2 x 3 factorial orthogonal comparison. The result 
Table 1. Mean leafhopper imbibition value in response to concentration of 
tomatine 
Tomatine Tomatine 
without sucrose with 1% sucrose 
lO"^ M 10"* M ' S^ 10'® M 10"* M 
Mean value 18.6 0.0 18.0 32.6 0.3 31.3 
^Agar control 
^1% Sucrose control 
of this test appears in Appendix T^le 25. In the comparison of agar con­
trol vs sucrose control, variance was highly significant and this effect 
was carried over in the comparison of initiation rates on tomatine concen­
trations with or without, sucrose. The rates were significantly different 
at the 5% level of probability. Nearly all experiments showed significant 
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differences in initiation rates when the specific test conpound and 
sucrose were compared. Initiation rate in response to a 1 x 10"^ M con­
centration of tomatine differed (significantly at 1% probability) from 
•li 
that in response to 1 x 10 M. The low rate of response to the higher 
concentration, no doubt, was responsible for the over-all difference 
(significant at 1% probability) between responses to tomatine and to 
the controls. There was no evident inhibitory effect produced by 
1 X 10"^ M because the values for this concentration were nearly the 
same as the controls. The very low response to the hi^er concentra­
tion was a contributing factor in the significant interaction between 
initiation rates on sucrose and on tomatine. 
A series of concentrations covering a difference of 1000 fold were 
tested. Appendix Table 26 reports imbibition values in response to these 
concentrations in the absence of 1% sucrose and Appendix Table 29 reports 
similar values in the presence of 1% sucrose. Table 2 summarizes these 
data presenting mean imbibition values in response to the tomatine concen-
ration. Analysis of variance for the tests without sucrose is given in 
Appendix Table 27 and for tomatine tests with sucrose in Appendix Table 
30. Differences among treatment means were evaluated by applying Duncan's 
multiple range test. Results from these tests are presented in Appendix 
Tables 28 and 31 in which lines have been drawn to define those means 
differing significantly at the 5% level of probability. The pattern of 
response was similar under both test conditions. There was no significant 
difference (at 5% probability) between responses to the two lowest concen­
trations, 1 X 10"^ M and 1 x 10"® M, and the controls; 4.2 x 10"^ M 
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tomatine occupied an intermediate position. Three still higher concentra­
tions markedly reduced the imbibition values and were different (signifi­
cantly at 5% probability) in this respect from the other concentrations. 
Table 2. Mean leafhopper imbibition value in response to concentration 
of tomatine 
Molar Concentration of Tomatine 
lO"^ 10"^ 7x10"* 4.2xl0"* lo"* lO"^ 
28.6 0.0 1.3 2.6 9.6 23.3 22.0 
31.3 0.0 2.6 6.3 11.3 27.6 26.0 
•> 
3Agar control 
^1% Sucrose control 
Survival 
The survival of leafhopper nymphs, measured in leafhopper survival 
hours (LSH), was influenced by the concentration of tomatine present in 
the medium. Appendix Table 32 reports total LSH between each check period 
for the first 72 hours of the e^qperiment. Survival on two concentrations 
of tomatine, 1 x 10"^ M and 1 x 10"^ M, in the absence or presence of 1% 
sucrose was tested. Table 3 summarizes these data presenting the mean 
total LSH from three replication^ for the first 72 hours of the e^geriment. 
Treatment differences were evaluated using a 2 x 3 factorial orthogonal 






survival under each comparison made was significant at 1% probability. 
The 1 X 10"^ M tomatine greatly reduced survival in the presence of 
sucrose. A similar but less evident effect was noted in the treatment 
without sucrose. The interaction between survival on tomatine and on 
sucrose was caused by the response to the higher-concentration of 
tomatine since the controls and the lower concentration were, for all 
practical purposes, the same. 
Table 3. Mean leafhopper survival hours on concentrations of tomatine 
Tomatine Tomatine 
without sucrose with 1% sucrose 
C® 10-3 jj 10-4 jj gb 10-3 jj 10-* M 
Mean value 180.0 115.6 161.5 509.0 121.8 475.3 
^Agar control 
^1% Sucrose control 
Appendix Table 34 reports leafhopper survival on six different con­
centrations of tomatine ranging from 1 x 10"^ M to 1 x lO"^ M. Sucrose 
was not present in these tests. Appendix Table 37 reports leafhopper 
survival data on the same six concentrations of tomatine but in the 
presence of 1% sucrose. These data are summarized in Table 4 which pre­
sents mean LSH from three replications for the first 72 hours of the 
test. Appendix Tables 35 and 38 report analyses of variance for the two 
experiments and Appendix Tables 36 and 39 present Duncan's multiple range 
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test applied to the means from the above eigeriments « Means connected 
by the same line were not significantly different at the 5% level of 
probability. 
Table 4. Mean leafhopper survival hours on concentrations of tomatine 
Molar Concentration of Tomatine 
10-2 10-3 7x10-4 4.2x10-4 10"^ 10"® 
Without 
sucrose 278.2 37.8,5 147.5 
With 
sucrose 229.0 384.8 133.6 
156.5 165.8 160.5 252.6 272.5 
194.2 148.0 202.5 304.5 342.2 
^Agar control 
^1% Sucrose control 
Differences were quite obvious in the tests without sucrose. LSH 
values accrued on the two lowest concentrations were not significantly 
different from those accumulated on the agar control. Values from the 
four highest concentrations were not significantly different from each 
other but all differed from the preceding groiçi. The same type of re­
lationship existed among LSH values when these concentrations were tested 
in the presence of 1% sucrose but the differences were less marked. 
There was an inverse relationship between LSH and tomatine concentration. 
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Insect Responses to Tomatidine 
Imbibition 
Rate of initial imbibition response to two concentrations of tomati­
dine, the aglycon of tomatine, were tested in the presence or in the ab­
sence of 1% sucrose* These data are reported in Appendix Table 40 and 
summarized in Table 5. A 2 x 3 factorial orthogonal conçarison was used 
to evaluate differences among treatments. Appendix Table 41 reports 
this analysis. Since there were no differences in imbibition rates be­
tween concentrations, additional experiments were not conducted. 
Table 5. Mean leafhopper imbibition value in response to concentration 
of tomatidine 
Tomatidine Tomatidine 
without sucrose with 1% sucrose 
10-3 y 10"* M 10"3 H 10"* M 
Mean «alue 19.6 19.0 17.3 32.3 31.3 33.0 
®Agar control 
b „ 1% Sucrose control 
Survival 
A 2 X 3 factorial orthogonal comparison showed no differences among 
leafhopper survival hours on different concentrations of tomatidine 
(Appendix Table 43). Appendix Table 42 reports LSH data for this 
experiment and Table 6 summarizes the data using mean LSH for first 
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72 hours of the test. 
Table 6. Mean leafhopper survival hours on concentrations of tomatidine 
Tomatidine Tomatidine 
without sucrose with 1% sucrose 
10-3 10"* M 10~3 M 10-4 % 
Mean value 138.0 147.2 148.6 449.0 440.6 435.3 
^Agar control 
^1% Sucrose control 
Insect Responses to Solanine 
Imbibition 
Two concentrations of solanine, 1 x 10"^ M and 1 x 10"^ M, in the 
presence or in the absence of 1% sucrose were offered to leafhopper nynçhs 
to determine the rate of initial imbibition in the presence of solanine. 
• Appendix Table 44 reports the data from this experiment while Table 7 
* ' 
presents the summary. An analysis of these data using orthogonal compari­
sons indicated an over-all reduction in imbibition values (significant at 
5% probability) by those animals on solanine and an interaction (signifi­
cant at 5% probability) between rates on solanine and sucrose, although 
rates on the two treatments did not differ significantly from each other 
(Appendix Table 45). Some differences and trends were observed among 
treatments and therefore one additional test was conducted. Data from 
tests with six different concentrations within the range of 1 x 10"*^ M to 
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Table 7, Mean leafhopper imbibition value in response to concentration 
of solanine 
Solanine Solanine 
without sucrose with 1% sucrose 
10"3 M 10"* M ' 10-3 jj 10-4 ^  
Mean value 19.0. 9.0 20.6 35.6 30.6 27.3 
^Agar control 
bl% Sucrose control 
1 % 10"* M are reported in Appendix Table 46 with the summary of the 
analysis of variance in Appendix Table 47. Differences among treatment 
means were evaluated using Duncan's multiple range test (Appendix Table 48) 
and a summary of mean values appears in Table 8. The rates on the two 
Table 8. Mean leafhopper imbibition value in response to concentration 
of solanine without sucrose 
Molar Concentration of Solanine x 10*"^ 
C® S^ 1.00 0.82 0.64 0.46 0.28 0.10 
Mean 
value 19.0 31,6 11.3 10.3 16.6 15.6 15.6 17.6 
®Agar control 
^1% Sucrose control 
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highest concentrations of solanine were different (significantly at 5% 
probability) from the rate on the control but were not different from 
the rates on other concentrations. 
Survival 
Leafhopper survival hours of nymphs on two concentrations of solanine 
in the presence or in the absence of 1% sucrose are reported in Appendix 
Table 50, These data are summarized in Table 9, The first e^geriment 
indicated no effect of solanine içon survival and the data f%\)m a second 
e^eriment reported in Appendix Table 51 support these results. Appen­
dix Tables 52 and 53 present the analysis of variance and Duncan*s multi­
ple range test of means. 
Table 9, Mean leafhopper survival hours on concentrations of solanine 
Solanine 
without sucrose 
10-3 ^  lo"* M S^ 
Mean value 202.8 206.5 257.6 486.5 398.0 441.5 
Solanine 
with 1% sucrose 
10-3 ^Q-4 ^  
^Agar control 




Insect Responses to Solanidlne 
Imbibition 
The response of leafhopper nymphs to three concentrations of solani-
dine in the absence or in the presence of 1% sucrose was measured. Appen­
dix Table 54 reports the data on rate of initial imbibition and Table 10 
presents a summary of mean values from three replications. These data 
were analyzed using a 2 x 4 factorial orthogonal comparison (Appendix 
Table 55), Solanidine, in the concentrations tested, reduced (signifi­
cantly at 1% probability) the rate of initial imbibition by leafhopper 
nynçhs. The rates on 1 x 10"® M and 5 x 10"^ M concentrations were not 
different but differed (at 5%,probability) from 1 x 10""* M solanidine. 
Table 10, Mean leafhopper imbibition value in response to concentration 
of solanidine 
Solanidine Solanidine 
without sucrose with 1% sucrose 
Ca 10-3 y 5x10"^ M lO"* M S^ 10"® M SxlO""* M lO"* M 
Mean value 13,6 2.3 5,0 11.3 20,0 11,0 13.0 16.0 
^Agar control 
^1% Sucrose control 
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Survival 
Although marked differences in rate of initial imbibition were ob-
• 
served, there were no statistically valid differences in leaAopper sur­
vival hours (Appendix Table 57), These data are summarized in Table 11. 
The individual observations are reported in Appendix Table 56. 
Table 11, Mean leafhopper survival hours on concentrations of solanidine 
Solanidine Solanidine 
without sucrose with 1% sucrose 
10-3 M 10-^ M S^ 10"® M 5x10"'^ M 10"^ M 
Mean value 303.0 282.5 314.0 312.2 478.5 395.5 401.5 351.5 
^Agar control 
^1% Sucrose control 
Insect Responses to Demissidine 
Imbibition 
Measurements of the rate of initial imbibition on three concentra­
tions of demissidine are reported in Appendix Table 58 and are summarized 
in Table 12. Differences among treatments were evaluated using a 2 x 4 
factorial orthogonal comparison. The results appear in Appendix Table 
59. Generally, the presence of demissidine reduced the rate of imbibition 
(significant at 1% probability). The largest contributing factor to this 
generalization was that the rate on 1 x 10"® M was less (significantly so 
at 1% probability) than the rates on the two other concentrations tested. 
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Table 12, Mean leafhopper imbibition value in response to concentration 
of demissidine 
Demissidine Demissidine 
withoutssucrose with 1% sucrose 
10-3 „ 5x10"^ M 10-4 jj gb M 5x10"'^ M 10'* M 
Mean value 16.3 3.0 9.6 12.3 22.3 8.3 15.0 14.3 
®Agar control 
^1% Sucrose control 
Survival 
Survival data also was collected during the test for nini^hal re­
sponses to concentrations of demssidine and these data are recorded in 
Appendix Table 60. Summary Table 13 shows that the concentrations of 
demissidine tested had little effect on leafhopper survival (Appendix 
Table 61). 
Table 13. Mean leafhopper survival hours on concentrations of demissidine 
Demissidine Demissidine 
without sucrose with 1% sucrose 
C® 10-3 M 5x10"^ M 10-4 M 10'® M SxlO"'*' M 10 ^  M 
Mean value 222.5 227,0 197.0 190.5 316.0 293.0 350.5 373.8 
®Agar control 
^1% Sucrose control 
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Insect Responses to Solanum chacoense Extract 
Imbibition 
A preliminary test with Solanum chacoense extract that contained 
leptine I and associated impurities produced a reduction, significant 
at 1% probability, in the rate of initial imbibition by leafhopper nynphs 
(Appendix Table 64). The data are reported in Appendix Table 62 while 
Appendix Table 63 presents a summarized analysis of variance. Table 14 
summarizes the results. 
With this promising evidence of activity, additional extract was 
prepared and tested in four concentrations. Because of the limited amount 
Table 14, Mean leafhopper imbibition value in response to concentration 
of Solanum chacoense extract 
Agar 1% Sucrose 0.091% Extract 
control control with 1% sucrose 
Mean value 11.0 30.0 9.6 
of material, concentrations not greater than the original 0.091% were 
tested. Results from this second test were not as expected for only 
small differences were observed even between concentration extremes. Ap­
pendix Table 65 reports the data and Table 15 summarizes these data. 
Analysis of variance and Duncan's multiple range test of differences 
among means are presented in Appendix Tables 66 and 67. 
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Table 15. Mean leafhopper imbibition value in response to concentration 
of Solanum chacoense extract 
Per cent of extract plus 1% sucrose 
Agar Sucrose .0910% .0455% ,0091% .0046% 
control control 
Mean value 19.6 27.3 23.6 25.6 24,6 28,6 
Survival 
Lea&opper survival data from the first experiment with the Solanum 
chacoense extract is found in Appendix Table 68. These data, in summary 
form, are in Table 16. Statistical euialysis shows a reduction in survi­
val time, significant at 1% probability, on the extract plus sucrose 
(Appendix Tables 69 and 70). 
Table 16. Mean leafhopper survival hours on a concentration of Solanum 
chacoense extract 
Agar 1% Sucrose 0.091% Extract 
control control with 1% sucrose 
Mean value 388.2 521.3 405.0 
A second e^qperiment using four concentrations of extract in the pre­
sence of 1% sucrose showed some reduction in the number of leafhopper sur­
vival hours but not as marked as in the first, experiment (Table 17). 
Appendix Table 71 reports the original data. Appendix Table 72 the 
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analysis of variance, and Appendix 73 Duncan's multiple range test on 
the data. 
Table 17, Mean leafhopper survival hours on concentrations of Solanum 
chacoense extract 
Per cent of extract plus 1% sucrose 
Agar Sucrose .0910% ,0455% ,0031% ,0046% 
control control 
Mean value 371,8 531,2 386,8 433,6 462,6 456,8 
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DISCUSSION 
Development of Techniques 
Sources of variation among test insects 
A high order of uniformity among test animals was requisite to test­
ing insect responses. The following techniques removed considerable 
sources of variation within a test; the inclusion of only fifth-instar 
nymphs, the collection of nymphs from the same cage, provision of supple­
mental food to insects on depleted plants, and the use of standardized 
collecting and handling methods. In addition to the variation inherent 
in the sampling technique, there were still other sources. First was the 
condition of the host plant throu^out the life of the leafhopper; second, 
the developmental condition of the leafhopper; third, the sex of the indi­
vidual; and fourth, individual variation due to each leafhopper*s unique 
genetic make-tç. 
Condition of host plant The broad-bean plants which served as 
hosts for E^. fabae exhibited hopperburn in direct proportion to the num­
ber of individuals and the duration of their feeding. The physiological 
state of the plant when nymphs were removed could-directly effect the 
amount of matericLL in the digestive tract and, more important, the general 
nutritional state of the leafhopper. The hopperbumed condition of the 
plants could be partially counteracted by taking individuals from a single 
rearing cage for a single e^qjerinsent and by employing the starvation 
period described in Materials and Methods. 
The deteriorating plant-food was supplemented at least on alternate 
H2 
days with cuttings from uninfested broad-bean plants placed in flasks 
containing 3% sucrose solution. When such cuttings were placed in an 
infested cage the nymphs and adults readily moved onto the fresh material. 
This concentration of nynphs facilitated capture for experimental pur­
poses but also introduced a new problem. If nynçhs were not abundant 
on the fresh cuttings, older material had to be searched and individuals 
captured on the older material probably differed physiologically from 
those on the cuttings. It was not always possible to avoid collecting 
from both cuttings and original plants and therefore additional varia­
tion entered the experiment. 
Developmental condition of insect Dahlman (1963) discussed some 
of the specifics of this problem as it related to molting. It was easy 
to select nyn^hs of a known instar but much more difficult to select a 
certain age groiç within a single stadium. There were obvious differences 
between a newly molted fifth-instar nynçh and one which was nearly ready 
to transform to the adult stage. The abdomens of newly molted fifth-
instar nynçhs were partially retracted and contracted and the wing pads 
were closely adpressed to the sides of the abdomen lAereas the abdomens 
of older fiAh-instars were extended and dilated cmd the wing pads were 
large, inflated, and protruded from the body. It seemed certain that 
physiological changes accompanied these anatomical changes. 
Cessation of feeding by fifth-instar nymphs must not occur until 
shortly before the initiation of the molting process. This behavior 
would permit maintaining the fluid volume necessary to exert pressure on 
the old cuticle and cause it to rtçture along a predetermined line of weak­
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ness. Additional increase in volume was evidenced by large bubbles of air 
in the gut of newly molted adults. 
The 13 to 15-hour starvation period facilitated the elimination of 
all nymphs that were in the premolt stage when collected, because either 
they molted within this period of time or exhibited evidence of molting 
at the termination of the starvation period. The development of nynçhs 
which had not reached the premolt stage was retarded somewhat due to loss 
of nutritive materials during starvation. However, such individuals 
responded more uniformly under test conditions due to an already-high 
intensity of internal feeding stimuli produced by the starvation period. 
The starvation period made it possible to eliminate many of the nynçhs 
that would molt during an experiment. This was desirable because the 
animal does not respond while it is molting and should the process fail, 
the nymph dies. If the nymph does succeed with the molt then the re­
sponses are those of an adult and this also may alter the results. 
Sex of the insect The influence of sex on the individual's 
response was still a factor to consider even though immature individuals 
were used in all tests. The immature female's response to factors of 
nutrition or to token stimuli involved wiA future host selection or 
oviposition may differ from those of the inniature male. 
Pollard (1962) reported an "infallible" technique for sexing late 
fifth-instar nynçhs of the cicadellids, Oncometopia undata. 0, nigricans 
and Homalodisca coagulate. Helms* was reasonably successful in sexing 
*Helms, T. J., Department of Zoology and Entomology, Iowa State 
University of Science and Technology, Ames, Iowa. Sex determination 
of fifth-instar Empoasca fabae nymphs. Private communication. 1964. 
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fifth-instar E_. fabae nyngihs using Pollard's technique. This was a time-
consuming process and was not practical for the numSers of individusils 
handled in experiments reported here. 
The sex of most adults that emerged during e^qjerimentation was 
recorded and there was approximately a 1:1 ratio between males and fe­
males. No attenpt was made to find differences in the type of response 
made by the individuals of different sexes. 
Individual variation Even though all individuals taken in a 
random sançle from the culture population were identified as Smpoasca 
fabae by Dr. H. B. Cunningham, then Assistant Taxonomist, Illinois 
Natural History Survey, variation existed among individuals. It must be 
assumed that the variation present was due to genotypic differences. 
In Mayer's (1963, p. 21) definition a species is "a genetic unit 
consisting of a large, intercommunicating gene pool, whereas the indi­
vidual is merely a tençorary vessel holding a small portion of the con­
tents of the gene pool for a short time." The gene pool of the culture 
population of E. fabae from which animals were taken for experimentation 
was not in contact with the natural population. In time the following 
factors could contribute to the development of a strain of leafhoppers 
adjusted to the grëenhouse environment; (1) continuous greenhouse main­
tenance, and (2) stresses such as cool weather, poor foliage, competition 
with accidental infestations of aphids or two-spotted mites. Frequent 
combination of individuals from different cages provided some mixing of 
the gene pool within the greenhouse culture. 
45 
Kouskolekas (1964) reported that a "Louisiana strain" of E, fabae 
produced nearly 100 per cent female offspring instead of the normal 
1:1 ratio. The possibility of other less obvious differences existing 
between cultures of E_. fabae maintained at various research centers 
must not be ignored» 
k basic synthetic medium 
It is more difficult to present a synthetic diet to a sucking insect 
than to a chewing insect because the diet must be in a liquid or semi-
liquid form. Some means must be provided to prevent the insect from 
becoming trapped in or on the surface of the media. This problem becomes 
more acute as the size of the test animal decreases because small animals 
do not have the strength to break the force of surface tension that forms 
between the media and the body surface of the insect. 
Liquid diets have been presented successfully in three w^s: (1) in 
wicks formed of cotton, glass wool or other fiberous materials which 
served to hold a nutrient solution, (2) in agar or other gelatinous sub­
stances in whose matrix a nutrient could be suspended, and (3) contained 
within membranes such as rubber, collodian, animal membrane, and more 
recently the synthetic Parafilm. 
Dahlman (1963) reported use of an agar-based medium in studying the 
nutrition of fabae. He stated that: 
"Agar was selected as a matrix for the following reasons: (1) it 
would tend to contain within a small area any enzyme secreted by 
the leafhopper during probing, (2) it provided a firm base-tçon 
which the leafhopper could move about, (3) possible stimulatory 
substances would not be separated from the leafhopper by a mem­
brane, (4) it provided a moist atmosphere and prevented leaf­
hopper desiccation, (5) any water soluble substance could be 
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added to it and insoluble substance would be suspended in it, 
and (6) it facilitated easy preparation, handling and cleanvç." 
Disadvantages included (1) the question of whether or not agar 
was nutritionally inert, (2) the difficulty of using heat-labile sub­
stances, (3) the inequitable distribution of suspended or water-
insoluble substances and, (4) the trapping of leafhoppers on the moist 
surface. 
A technique being developed by Carlson* using Parafilm overcomes 
some of the disadvantages mentioned and has certain of the same advan­
tages listed for agar. However, a modified agar-medium was used, lack­
ing the Parafilm technique at the time experiments were conducted. 
Insect Responses to Alkaloids 
Tomatine 
Tomatine was reported to repell the Colorado potato beetle, 
Leptinotarsa decemlineata (Say) and its larvae when the compound was 
presented in natural foods or in artificial media (Buhr, Toball and 
Schreiber, 1958; de Wilde, 1958% Koch, 1960). Of the compounds tested, 
tomatine was second only to leptine I in reducing feeding by L. 
decemlineata (Kuhn and L8w, 1961a). 
Tests measuring the rate of initial imbibition on a series of con­
centrations of tomatine indicated a marked initial point of response. 
*Carlgon, 0. V., Department of Zoology and Entomology, Iowa State 
University of Science -and Technology, Ames, Iowa. Parafilm technique 
for sustaining nymphs of Empoasca fabae. Private communication. 1965. 
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The rate of response to a tomatine concentration of 1 x 10"^ M was not 
different from the rate on controls but 4.2 x 10"^ M tomatine elicited 
a marked reduction in imbibition value. Clearly, the nynphal-leafhopper's 
threshold for this compound was something less than 4.2 x 10"* M but 
more than 1 x 10"* M (Table 2) measured.by rate of initial imbibition. 
StUrckow (1961) reported a technique which was independent of hunger 
responses of decemlineata. This was an electrophysiological test 
based tçon an afferent signal sequence of the cherooreceptors found on 
the tarsi and palps of the beetle. The threshold of adult 
decemlineata for tomatine was reported to be around 0.1 mM or 1 x 10~* M 
using the electrophysiological method. Thresholds of sensitivity deter­
mined with this method were similar to those determined by feeding tests. 
This concentration was the approximate minimal concentration of tomatine 
to which fifth-instar nynçhs of fabae reacted. As the concentration 
of tomatine increased there was further reduction in rate of initial 
imbibition until at 1 x 10"^ M there was no response. 
There was a significant interaction between inhibition values accrued 
on tomatine and sucrose (Appendix Table 25) but when the data from 
Appendix Tables 26 and 29 were combined and analyzed using orthogonal 
comparisons in a 2 x 7 factorial, there were no significant interactions, 
Tomatine had a marked effect also on the survival of E_. fabae. The 
rate of mortality increased with increased concentration. Several factors 
possibly contributed to this increase in mortality. First, the repellent 
action of the compound may increase mortality simply due to starvation, 
and second, contact with or imbibition of the alkaloid may actually poison 
the animal. 
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Koch (1960) reported that tomatine had an exclusively bitter taste 
but could find few acute pathogenic changes after tçtake of small amounts 
of tomatine by L, decemlineata. Individual larvae which took \ip large 
amounts of tomatine had mild convulsions and some regurgitated part of 
the food eaten. Schreiber (1958) stated that plants containing only 
small amounts of tomatine disturbed the development of larvae which fed 
on them. But plants which had higher concentrations of tomatine were 
not fed içon at all. Buhr, Toball and Schreiber (1958) reported that 
approximately 3.7 x 10"^ M tomatine-citrate greatly inhibited the develop­
ment of potato beetle larvae. 
The mode of action of tomatine as a toxic agent is not known. 
Sicho and Mrhova (1961) using the bacterium, Escherichia coli, reported 
evidence that tomatine, or some cleavage product of tomatine, arrested 
the action of malic-acid dehydrogenase « The addition of excess amounts 
of nicotinamide adenine dinucleotide (NAD) did not counteract this action 
so this probably was not a reaction between tomatine and NAD. Orgell 
(1963a) who tested 139 alkaloids, glycosides and similar compounds, 
placed tomatine in the gcoxjp of 34 compounds vdiich markedly inhibited 
human-plasma cholinesterase. Tremors and spasmodic behavior of nymphs 
on higher concentrations of tomatine would suggest tomatine action on the 
nervous system. The convulsions of decemlineata larvae that ate large 
quantities, of food containing tomatine would also svpport this hypothesis 
(Koch, 1960). 
The effect of tomatine^on the mortcU.ity of fabae nymphs was in 
direct proportion to tomatine concentration whether or not a limited 
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amount of food and feeding stimulant was available. The analysis of the 
data from the first eiqieriment (Appendix Tables 32 and 33) indicated a 
highly significant interaction between survivals on tomatine and 
sucrose. This effect appeared also in the other tests with tomatine 
concentrations. One per cent sucrose increased the total LSH even in 
the presence of tomatine although the effect of the sucrose diminished 
as the tomatine concentrations increased. 
Tomatidine 
The biological effects of tomatidine upon insects have not been 
reported in the literature. It has been generally assumed that the 
aglycons of resistance-causing conpounds are not active in plant resis­
tance to insects. This assumption certainly was substantiated for this 
compound under test conditions. There were no differences between con­
centrations for either rate of initial imbibition or survival 
(Appendix Tables 41 and 43). 
Solanine 
Differing from the action of tomatine, solanine had little or no 
effect on the development of decemlineata in concentrations that nor­
mally were found in 2* tuberosum (Schreiber, 1958; de Wilde, 1958). 
Chemical characteristics such as a double bond, a tri- (as opposed to 
tetra-) saccharide, and the absence of xylose indicated that this com­
pound was biologically inactive according to the criteria established 
by Schreiber (1958). 
The maximum concentration of solanine tested was 1 x 10"® H. At 
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that concentration some reduction in imbibition values occurred in indi­
vidual cases but variance due to concentration was not significant at 5% 
probability (Appendix Table 45). It seems probable that a 1 x 10"^ m 
concentration would have reduced the imbibition value significantly below 
that exhibited on 1 x 10"^ M. Kuhn and LBw (1961b) found that 1 x 10"^ M 
solanine reduced the feeding of the Colorado potato beetle by about 50% 
and Sttirckow (1961) reported the threshold of sensitivity to solanine 
for adult beetles to be around 1,5 x 10~® M using electrophysiological 
methods of measurement. 
The significant interaction between rates of initial imbibition on 
sucrose and solanine was interesting in that the same pattern also 
appeared in tests with solanidine, tomatine and dëmissidine. Table 7 
compares imbibition values in response to solanine in the absence or in 
the presence of 1% sucrose. The imbibition value at the higher concen­
tration (1 X 10"^ M) was reduced both in the absence and in the presence 
of sucrose, but at the lower concentration (1 x 10"^ M) in the absence of 
sucrose, the rate was slightly higher than the control. This same con-
. 
centration of solanine in the presence of sucrose elicited an even-
smaller imbibition value than did 1 x 10-3 M solanine and both were less 
than the sucrose control. 
An explanation for the low imbibition values at low concentrations 
of test compound in the presence of sucrose involves several assumptions. 
If the feeding threshold is considered to be constant for all physiological 
conditions of the insect the leafhopper will initiate feeding when the 
intensity of feeding stimuli excéeds the threshold value. Such stimuli 
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can originate from either the internal or extex-nal environment of the in­
sect, Feeding will diminish the intensity of stimuli originating inter­
nally and starvation will increase the intensity. After the initial 
feeding response, feeding will continue if the stimuli persist at an 
intensity exceeding the feeding threshold. If the intensity of stimuli 
is diminished, due to some inhibiting substance from the external environ­
ment, little or no feeding will result. 
Data obtained in the course of these studies indicated that starved 
leafhopper nymphs began feeding shortly after being placed on the medium 
containing sucrose. The initial rate of feeding was much slower with 
nymphs in a similar physiological condition but placed on the agar con­
trol medium which contained no sucrose. This indicated that sucrose was 
a feeding stimulant. The data also demonstrated that certain solanaceous 
alkaloids inhibited feeding even in the presence of the feeding stimulant, 
sucrose. 
Possibly the slow rate of initial imbibition by nygçhs on the agar 
control was due to the lack of external feeding stimuli or to the presence 
of weak feeding-inhibitors or both. Apparently the internal feeding 
stimuli were not strong enough to induce immediate feeding even after 13 
to 15-hours of starvation. Apparently internal stimuli become more in­
tense as the e^qperiment progresses for most individucLls still alive had fed 
by the 24th hour. Consequently, observations within the first 12 hours of 
the experiment are important in determining relative differences in the 
rate of initial imbibition. 
The 1 X 10"^ M concentration of solanine acted as an inhibitor to 
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feeding and a nymph began to feed only after additional hours of starva­
tion were passed. The additional time probably increased internal 
feeding-stimuli. At the 1 x 10"* M concentration wiUiOut sucrose the 
alkaloid was too dilute to act as an inhibitor by the time the nymph's 
internal stimuli induced feeding but this was not the case with media 
containing sucrose. Sucrose, as an external feeding stimulant, nor­
mally induced feeding but feeding was inhibited by the presence of 
solanine. The resulting algebraic sum of internal stimuli [hunger (+)] 
and external stimuli [sucrose (+) eind solanine (-)] was not great enou^i 
to initiate feeding. Eventually internal hunger-stimuli increased 
enough to counteract the inhibitory effect of the solanine. 
No reduction of imbibition value occurred on media containing 
1 X 10"* M solanine in the absence of a feeding stimulant but did occur 
when the media contained the same concentration of solanine acconpanied 
by a feeding stimulant. Thus there was a significant interaction between 
the rates of initial imbibition on the alkaloid and sucrose media indi­
cating that the leafhopper's responses to these two confounds were not 
independent. 
It should be emphasized that solanine inhibition of feeding was only 
temporary for there was no significant effect of solanine on the total 
number of leafhopper survival hours. Nevertheless, it may have signifi­
cant influence upon host acceptance in nature. Buhr, Toball and Schreiber 
(1958) reported that solanine at 7.74 x 10-% M did not affect the develop­
ment of potato beetle larvae. 
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Solanidine 
After testing responses of the leafhopper to the aglycon, tomatidine, 
the results with the aglycon, solanidine, were unexpected. There was 
a reduction (significant at 5% probability) in imbibition values elicited 
by 1 X 10"3 M and 5 x 10"^ M solanidine (Appendix Table 55). In addition 
there was an indication of a reduction of feeding by nynghs on media 
containing 1 x 10"^ M solanidine and 1% sucrose but not on media with 
the same concentration of the aglycon in the absence of sucrose. This 
trend was similar to the interaction between rates of initial imbibition 
on sucrose and solanine. Again it should be noted that this tenporary 
inhibition to feeding did not influence, at 5% probability, the mortality 
of nymphs on individual treatments. 
Demissidine 
The alkaloidal glycoside, demissine, was reported to have repellent 
properties which effected feeding of the Colorado potato beetle. It does 
not have a double bond in the aglycon but it includes a tetrasaccharide 
containing j^lose, all of which contribute to its activity in plant 
resistance to insects (Buhr, Toball, and Schreiber, 1958; Schreiber, 1958; 
de Wilde, 1958). It ranked second only to leptine I in producing mor­
tality in feeding larvae of L« decemlineata (Kuhn and L8w, 1961b) and the 
aglycon, demissidine, was reported strongly inhibitory of human plasma 
cholinesterase in the group of steroid compounds tested by Orgell (1963a). 
Unfortunately, a commercial source of demissine could not be 
located either in the Uiited States or in Europe. No attempt was made 
to extract this con^omd from the leaves of Solanum demissum. However, 
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the aglycon, demissidine, was available through commercial sources and 
tests were conducted to measure responses of leafhopper nynqjhs to this 
conpound. 
As in the case of solanidine, there was a significant reduction 
in the rate of initial imbibition by the higher concentration (1 x 10"® M) 
of demissidine. No significant interaction was observed between rates 
of initial imbibition on the alkaloid and sucrose but a trend similar 
to that with solanine was evident in this e:qperiment. Table 12 clearly 
shows that 1 x ^ 0"^ M demissidine without sucrose yielded an imbibition 
value similar to the control but the same concentraticai in the presence 
of sucrose still inhibited imbibition. 
No over-cJJL effect of demissidine on mortality of nymphs was ob­
served but the analysis did show one significant interaction (Appendix 
Table 61). This probably was due to the reduction in LSH at the higjier 
concentration of the alkaloid in the presence of sucrose. That this 
effect was not evident in the treatments without sucrose may have been 
due to the slower rate of imbibition on this type of media. 
Solanum chacoense extract 
Certain crystalline extracts of Solanum chacoense acted as repellents 
and also as toxins to the Colorado potato beetle. The most active of 
these compounds was leptine I. Kuhn and LBw (1961a, 1961b) reported 
methods for the purification of this conçound, and described its chemical, 
physical, and physiological characteristics. This compound was reported 
to be responsible for the resistance of chacoense to the feeding or the 
Coloraido potato beetle. Orgell (1963a) reported that leptine I was a 
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strong inhibitor of human plasma cholinesterase. Since no commercial 
source of the compound was found, an extraction of leptine I was prepared 
from the leaves of chacoense. The procedure was based on that of Kuhn 
and L8w (1961b). 
In the initial test usiiig the November 11, 196M- extract from 
2. chacoense, imbibition values were reduced significantly. LSH values 
for nynphs fed on media containing the leptine I extract were reduced. 
Because of the small number of treatments and the method of analysis 
used, there was no way of detecting interactions. 
Nearly all of the mixture was used in the above e:q)eriment and a 
second preparation had to be made. This was conçleted by May 31, 1965 
and the fraction expected to contain leptine was tested in four concen?-
trations in the presence of sucrose. The highest concentratim did yield 
imbibition values significantly smaller than values from the sucrose con­
trol but there was very little difference among values accrued on the 
four concentrations. None of the treatments•influenced mortality signifi­
cantly at 5% probability. 
Several factors could have contributed to this change in the nature 
of response to the extract. It is unlikely that there was any difference 
between the groups of nymphs used, nor was there any major change in 
technique. However, severed, changes could have taken place before or 
during the preparation of the second extract. 
1. The first extract was prepared from a single genetic line of 
Solsmum chacoense (Sturgeon Bay, USDA # 971) whereas the second prepara­
tion was a combination of several separate accessions of the species. 
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2. Freezer storage may not have completely inactivated the plant 
enzyme which destroys leptine and the extended time in the freezer may 
have contributed to an alteration of the conpound and a resulting 
reduction in yield, 
3. More inpurities could have been present in the second preparation. 
It was apparent that the second preparation was not as water soluble as 
the first. This would indicate differences and would suggest that the 
mixture may have been physically inaccessable to the probing nynçhs. 
4. Preparation techniques could have differed in some unaccounted 
way. 




In the investigation to measure quantitatively certain responses 
of nymphs of the potato leafhopper, Empoasca fabae, to selected alka­
loids and alkaloidal glycosides of Solanum species, leafhoppers were 
maintained on caged broad-bean, fifth-instar nyuçhs were collected, 
anesthetized with COg, and placed in individual plastic snap-box test 
cages. Two per cent agar made in 0.1 H histidine and containing 2 x 10" 
g/ml of rhodamine B was the basic matrix to which nutrients and other 
substances could be added for measuring potato leafhopper responses. 
Measurements of initial imbibition rate and survival included 
(1) a color-scoring method for measuring rates of initial imbibition of 
the dyed test-medium, and (2) a count of leafhoppers surviving per unit 
of time (leafhopper survival hours, LSH) within the first three days of 
the e^çeriment. 
Of the six alkaloids or alkaloidal glycosides offered the leaf­
hoppers , tomatine elicited the most sharply defined responses. The 
potato leafhopper's sensitivity threshold to this conpound (me^ured by 
» 
rate of initial imbibition) was less than 4^.2 x 10"^ M but more than 
1 X 10"^ M under test conditions. Imbibition was completely restricted 
at 1 X 10"^ H tomatine. The rate of mortcdity of fabae nymphs in­
creased with increase in concentration of tomatine^ 
Tomatidine, the aglycon of tomatine, affected neither the rate of 
imbibition nor leafhopper survival hours. 
Solanine concentration influenced the rate of initial imbibition 
but not the number of leafhopper survival hours. 
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Solanidine, the aglycon of solanine, temporarily inhibited feeding 
but did not reduce leafhopper survival hours. Demissidine, the aglycon 
of demissine, elicited responses similar to those induced by solanidine. 
Solanum chacoense leaf-extract preparations of leptine I, produced 
marked reduction in rate of imbibition and in leafhopper survival hours. 
An extraction procedure based upon that of Kuhn and LBw (1961b) was 
followed but the desired product, leptine I, contained inçurities. 
In tests with solanine, solanidine, demissidine and tomatine 
involving sucrose, imbibition rates in response to alkaloids (or alka-
loidcLL glycosides) were not independent of the effect of sucrose. 
Although the ^  vivo relationship of these alkaloids and alkaloidal 
glycosides in the role of plant resistance and host-plant selection 
remain to be clarified, the results of this work suggest that Empoasca 
fabae is responsive to some of the same conçonents of Solanum hosts to 
which Leptinotarsa decemlineata has been responsive. 
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Table 18, Leafhopper survival hours accrued during first 73 hours on 
media with or without 0,1 M histidine . 
Agar Agar 1% Sucrose 1% Sucrose 
Control Control Control Control 
Hours + Histidine + Histidine 
Replication I 
4 40.0 40.0 40.0 40,0 
18 140.0 98.0 140.0 140,0 
28 90.0 40.0 95.0 90,0 
41 84.5 52.0 110.5 104,0 
49 40,0 28.0 64.0 60,0 
65 56.0 24.0 128.0 104,0 
73 12.0 0.0 64.0 44,0 
Subtotal 462.5 282.0 641.5 582,0 
Replication II 
4 40.0 40.0 40.0 40,0 
18 126.0 111.0 140.0 140,0 
28 65.0 55.0 90.0 100.0 
41 52.0 32.5 91.0 130.0 
49 16.0 4.0 48.0 72.0 
65 8.0 0.0 88.0 104.0. 
73 0.0 0.0 36.0 32.0 
Subtotal 307.0 242.5 533.0 618,0 
TOTAL 769.5 524.5 1174.5 1200.0 
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Table 19. Analysis of variance in leaAopper survival hours accrued on 
media with or without 0,1 M histidine 
Source 













^Significant at 0,05 probability 
Table 20. Duncan's multiple range test of mean differences among leaf-
hopper survival hours accrued on media with or without 0.1 M 
histidine 
Agar 1% Sucrose 
Control Agar 1% Sucrose Control 
+ Histidine Control Control + Histidine 
262.25 384.75 587.25 600.0 
Any two meads underlined by the Scune line are not significantly 
different at 0.05 probability. 
®m - ^856ll = 49.28 (ng = 4) 
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Table 21. Leafhopper survival hours accrued during first 72 hours on 
media with or without rhodamine B 
Agar Agar 1% Sucrose 1% Sucrose 
Control Control Control Control 
Hours + Rhodamine + Rhodamine 
Replication I 
5 100.0 95,0 100.0 97.5 
17 234.0 222.0 216.0 228.0 
29 228.0 198.0 192.0 228.0 
40 198.0 170.5 176.0 209.0 
52 186.0 156.0 186.0 228.0 
64 132.0 108.0 168.0 222.0 
72 32.0 44.0 100.0 144.0 
Subtotal 1110.0 993.5 1138.0 1356.5 
Replication II 
10 200.0 185.0 ' 200.0 190.0 
23 240.5 214.5 260.0 221.0 
30 108.5 ^105.0 140.0 108.5 
53 253.0 253.0 348.5 322.0 
70 93.5 76.5 314.5 212.5 
72 7.0 1.2 34.0 21.0 
Subtotal 902.5 835.2 1297.0 1075.0 
Replication III 
9 180.0 166.5 180.0 175.5 
19 195.0 160.0 195.0 190.0 
27 148.0 112.0 152.0 152.0 
13 224.0 166.0 296.0 296.0 
55 87.5 90.0 216.0 210.0 
67 60.0 60.0 204.0 186.0 
72 22.5 12.5 75.0 70.0 
Subtotal 917.0 767.0 1318.0 1279.5 
TOTAL 2929.5 2595.7 3753.0 3711.0 
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Table 22. Analysis of variance in leafhopper survival hours accrued on 
media with or without rhodamine B 
Analysis of variance 
Degrees of Mean 
Source freedom Squares 
Total 11 
Treatments 3 110,703.28** 
Error 8 14,443.39 
^^Significant at 0.01 probability 
Table 23. Duncan's multiple range test of mean differences among leaf­
hopper survival hours accrued on media with or without 
rhodamine B 
Agar 1% Sucrose 
Control Agar Control 1% Sucrose 
+ Rhodamine Control + Rhodamine Control 
865.2 976.5 1237.0 . 1251.0 
Anyjtwo means underlined by the same line are not significantly 
different at 0.05 probability " 
Sm " "[j 14#4%3»39 = 69.38 (n2 = 8) 
Table 24. Imbibition values at 3, 5, 9 and 12 hours on two concentrations of tomatine with or with­
out 1% sucrose 
Treatments 
Âgsû? 10-a M 10-4 M 1% Sucrose 10"^ M 10"^ M 
Control Tomatine Tomatine Control Tomatine Tomatine 
Reps +1% Sucrose + 1% Sucrose 
1 8 0 12 20 0 20 
3 hr. II 16 0 8 36 0 32 
III 12 _8 ^ _0 28 
Subtotal 36 0 28 92 0 80 
I 3 0 0 3 0 3 
6 hr. II 3 0 3 0 0 6 
III _3 _£ ^ _0 _0 
Subtotal 9 0 18 3 0 12 
1 6 0 2 2 0 2 
9 hr. II 0 0 4 0 0 0 
III __2 _0 _2 _0 _0 _0 
Subtotal 8 0 8 2 0 2 
I I  0  0  1  0  0  
12 hr. II 1 0 0 0 0 0 
III JL __0 _0 _0 
Subtotal 3 0 0 1 1 0 
TOTAL 56 0 54 98 1 94 
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Table 25. Statistical analysis of imbibition values accrued in response 
to two concentrations of tomatine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 17 3292.50 
Treatments (5) (3063.50) 612.76** 
Agar/Sucrose control 1 294.00 294.00** 
Tomatine/no Tomatine 1 702.25 702.25** 
Tomatine with/Tomatine 
without sucrose 1 140.08 140.08* 
10-3 M/10"^ M Tomatine 1 1800.75 1800.75** 
Interaction 1 126.75 126.75* 
Error 12 228.70 19.06 
*Si^ificant at 0.05 probability 
^^Significant at 0,01 probability 
Table 26. Imbibition values at 3, 6, 9 and 12 hours on a series of concentrations of tomatine 







Molar Concentrations of Tomatine 
10-2 M lO-a M 7 X 10-^ M 4.2 X 10"^ M 10-^ M 10-3 
I 12 16 0 0 0 0 4 16 
3 hr. II 12 16 0 0 0 8 12 12 
III 22 20 _0 _0 _0 _0 _8 II 
Subtotal 44 52 0 0 0 8 24 44 
I 3 12 0 0 3 6 18 . 3 
6 hr. II ' 3 12 0 0 3 0 3 0 
III _6 _3 _0 __0 _0 __3 _9 __0 
Subtotal 12 27 C 0 6 g 30 3 
I 4 2 0 0 2 6 2 8 
9 hr. II 4 0 0 4 0 0 8 6 
III _4 _0 _0 __6 _2 
Subtotal 12 6 0 4 2 12 12 16 
. I 2 0 0 0 0 0 1 0 
12 hr. II 1 0 • 0 0 0 0 1 2 
III __1 _0 __0 ' _0 _0 
Subtotal 4 1 0 0 0 0 4 3 
TOTAL 72 86 0 4 8 29 70 66 
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Table 27, Analysis of variance in imbibition values accrued in response 
to a series of concentrations of tomatine without 1% sucrose 
Analysis of Variance 
Degrees of Mean 
Source freedom Square 
Total 23 
Treatment 7 415.94** 
Error 16 9*58 
^^Significant at 0,01 probability 
Table 28. Duncan's multiple range test of mean differences among imbibi­
tion values accrued in response to a series of concentrations 
of tomatine without 1% sucrose 
10-2M 10-3% 7 X lO-^M 4.22 X lO"* M 10"®H 10-%M C S 
0 1.33 2.66 9.66 22.0 23.33 24.0 28.66 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 
Table 29, Imbibition values at 3, 6, 9 and 12 hours on a series of concentrations of tomatine with 
1% sucrose 
Treatments 






10-2 y 10-3 ^  7 X 10'* M 4.2 X 10"4 M . 10-4 10-5 M 
I 16 24 0 0 0 8 20 12 
3 hr, II 16 32 0 4 4 4 16 24 
III _8 28 _0 _0 JB 21 24 
Subtotal 40 84 0 4 4 20 60 60 
I 3 3 0 3 6 0 9 6 
6 hr. II 0 3 0 0 3 3 9 3 
III _3 _0 JO _0 _0 _o • 
Subtotal 6 6 0 3 9 3 18 15 
I 4 0 0 0 4 4 0 2 
9 hr. II 0 0 0 0 0 4 0 0 
III _0 4 _o _0 0 _2 0 
Subtotal 4 4 6 0 4 10 2 2 
I 2 0 0 0 0 0 2 0 
12 hr. II 1 0 0 0 1 0 1 0 
III _1 _0 _0 _1 _1 _0 ' _1 
Subtotal 4 0 0 1 2 1 3 ' 1 
TOTAL 54 94 0 8 19 34 83 78 
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Table 30. Analysis 6f variance in imbibition values accrued in response 
to a series of concentrations of tomatine with 1% sucrose 
Analysis of Variance 
Degrees of Mean 
Source freedom square 
Total 23 
Treatment 7 437*78** 
Error 16 15.46 
**Significant at 0.01 probability 
Table 31. Duncan's multiple range test of mean differences among imbibi­
tion values accrued in response to a series of concentrations 
of tomatine with 1% sucrose 
10-2M 10-3% 7 X lO-^M 4.22 X lO-^M C 10-5M lO-^M S 
0.0 2.66 6.33 11.33 18.0 26.0 27.66 31.33 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 





















Leafhopper survival hours accrued during first 72 hours on two concentrations of 












+ 1% Sucrose 
10-4 M 
Tomatine 
+ 1% Sucrose 
Replication I 
30.0 30.0 30.0 30.0 30.0 30,0 
30.0 25.5 28.5 30.0 . 27.0 28,5 
28.5 21.0 24.0 30.0 19.5 . 27,0 
25.5 16.5 18.0 28.5 13.5 27.0 
72.0 30.0 48.0 102.0 24.0 102.0 
9.0 6.0 15.0 48.0 0.0 36.0 
8.0 8.0 16.0 104.0 0,0 104.0 
. 0.0 0.0 0.0 30.0 0,0 30,0 
0.0 0.0 0.0 56.0 0,0 56.0 
203.0 137.0 179.5 458.5 114.0 440.5 
Replication II 
28.5 30.0 30,0 30.0 28,5 30.0 
24.0 22.5 28.5 30.0 21,0 30.0 
16.5 12.0 22,5 30.0 12,0 30.0 
12.0 ' 9.0 18,0 30.0 9,0 30.0 
30.0 18,0 48,0 120.0 18,0 120,0 
3.0 0.0 9,0 60.0 0,0 60,0 
0.0 0.0 8,0 128.0 0,0 128,0 
0.0 0.0 0,0 33.0 0,0 33,0 
0.0 0.0 0.0 72.0 0,0 72,0 
114.0 91.5 164.0 533.0 86,5 533,0 
• .  ^  /  
Table 32 (Continued) 
: 1 
Treatment 
Agar 10"3 M lO'^ M 1% Sucrose 10"® M 10"% M ) 
Hours Control Tomatine Tomatine Control Tomatine Tomatine 
+ 1% Sucrose + 1% Sucrose 
Replication III 
3 30.0 30.0 30.0 30.0 30.0 30.0 
6 28.5 25.5 30.0 28.5 25.5 28.5 
9 25.5 16.5 25.5 27.0 19.5 27.0 
12 24.0 10.5 19.5 27.0 15.0 27.0 
24 78.0 30.0 36.0 108.0 42.0 102,0 
30 21.0 6.0 0.0 54.0 15.0 48.0 
48 16.0 0.0 0.0 136.0 16.0 112.0 
54 0.0 0.0 0.0 45.0 0.0 30.0 
72 0.0 0.0 0.0 80.0 0.0 *8.0 
Subtotal 223.0 118.5 141.0 535.5 163.0 452.5 
TOTAL 540.0 347.0 484.5 1527.0 365.5 1 1426.0 
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Table 33, Statistical analysis of leafhoppér survival hovirs accrued on 
two concentrations of tomatine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 17 513,^63.44 
Treatments (5) (493,175.94) 98,635.18** 
Agar/Sucrose control 1 162,361.50 162,361.50** 
Tomatine/no Tomatine 1 63,420.02 63,420.02** 
Tomatine with/Tomatine 
without sucrose 1 76,800.00 76,800.00** 
10-3 M/io-4 M Tomatine 1 119,600.33 119,600.33** 
Interaction 1 70,994.08 • 70,994.08** 
Error 12 20,287.50 1,690.62 
^^Significant at 0.01 probability 
Table 34. Leafhopper survival hours accrued during first 72 hours of test on a series of concen­
trations of tomatine without 1% sucrose 
Treatment 
Molar .Concentrations of Tomatine 
1% Sucrose , 
Hours Control Control 10-2 M 10-3 M 7 X 10-* M 4.2 X 10-* M 10-4 M 10-5 M 
Replication I 
3 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 28.5 30.0 27.0 28.5 30.0 28.5 
9 28.5 30.0 27.0 28.5 21.0 27.0 28.5 27.0 
12 25.5 30.0 24.0 25.5 17.5 24.0 25.5 27.0 
24 78.0 108.0 48.0 60.0 36.0 48.0 78.0 96.0 
30 27.0 48.0 3.0 6.0 3.0 3.0 27.0 36,0 
48 54.0 99.0 0.0 0.0 0.0 0.0 36.0 54.0 
54 8.0 15.0 0.0 0.0 0.0 0.0 0.0 6.0 
72 0.0 18.0 0.0 0.0 0.0 0.0 0.0 9.0 
Subtotal 281.0 408.0 160.5 180.0 134.5 160.5 255.0 313.5 
Replication II 
3 30.0 30.0 30.0 30.0 28.5 28.5 30.0 28.5 
6 28.5 30.0 28.5 30.0 24.0 25.5 28.5 27.0 
9 27.0 30.0 27.0 27.0 21.0 24.0 27.0 27.0 
12 25.5 30.0 25.5 24.0 21.0 22.5 24.5 27.0 
24 84.0 120.0 54.0 42.0 66.0 54.0 72.0 78.0 
30 27.0 51.0 6.0 3.0 21.0 9.0 18.0 24.0 
48 42.0 - 72.0 9.0 0.0 27.0 0.0 18.0 36.0 
54 6.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
72 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Subtotal 279.0 366.0 180.0 156.0 208.5 163.5 218.0 247.5 
Table 34 (Continued) 
Treatment 
Molar Concentrations of Tomatine 
1% Sucrose " 
Hours Control Control 10-2 ^  10"* M 7 x lO"* M 4.2 x 10"^ M 10"% M lO'S M 
Replication III 
3 30.0 30,0 28.5 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 22.5 . 27.0 27.0 28.5 30.0 30.0 
9 1 28.5 28.5 15.0 21.0 21.0 25.5 28.5 30.0 
12 27.0 27.0 12.0 ' 16.5 16.5 22.5 25.5 28.5 
24 84.0 102.0 24.0 36.0 42.0 48.0 90.0 78.0 
30 27.0 48.0 0.0 3.0 9.0 3.0 36.0 24.0 
48 45.0 81.0 0.0 0.0 9.0 0.0 45.0 36.0 
54 3.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 
72 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 
Subtotal 274.5 361.5 102.0 133.5 154.5 157.5 285.0 256.5 
TOTAL 834.5 1135.5 442.5 469.5 497.5 481.5 758.0 817.5 
\ 
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Table 35. Analysis of variance in leafhopper survival hours accrued on a 
series of concentrations of tomatine without 1% sucrose 
Analysis of variance 
Degrees of Mean 
Source freedom square 
Total 23 
Treatment 7 33,456.63** 
Error 16 717.38 
**Significant at 0.01 probability 
Table 36. Duncan's multiple range test of mean differences among leaf-
hopper survival hours on a series of concentrations of tomatine 
without 1% sucrose 
10-2M LO-^M 4.22 % LO'^M 7 x LO'^M LO'^M 10"®M C S 
147.50 156.50 160.50 165.83 252.66 272.50 278.16 378.5 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 
717.38 = 15.46 (N^ = 16) 
Table 37, Leafhopper survival hours accrued during first 72 hours of test on a series of concen­
trations of toinatine with 1% sucrose 
Treatment 





Control 10-2 M 10"® M 7 X 10"* M 4.2 X 10-* M 10-* M 10-5 M 
Replication I 
3 30,0 30.0 27.0 30.0 30.0 30.0 30.0 28,5 
6 30.0 30.0 24.0 30.0 30.0 28.5 30.0 27.0 
9 25.5 28.5 22,5 27.0 27.0 25.5 28.5 25,5 
12 21.0 27.0 19,5 24.0 22.5 21.0 27.0 24,0 
24 72.0 102.0 36,0 72.0 54.0 54.0 96.0 78,0 
31 31.5 52.5 0.0 17.5 7.0 21.0 49.0 31,5 
48 ' 34.0 85.0 0.0 8,5 0.0 25.5 68,0 34.0 
55 0.0 10.5 0.0 0,0 0.0 0.0 3.5 0,0 
72 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 
Subtotal 244.0 365.5 129.0 209.0 170.5 205.5 332,0 248.5 
Replication II 
3 30.0 30.0 28.5 30.0 30,0 28.5 30,0 28.5 
6 30.0 30.0 27.0 28.5 25,5 27,0 30,0 27.0 
9 28.5 28.5 27.0 25.5 21.0 25.5 30,0 27.0 
12 25.5 25.5 27.0 21.0 21.0 21.0 28,5 27.0 
24 72.0 90.0 60.0 48.0 42.0 48.0 90,0 108.0 
31 24.5 45.5 3.5 7.0 0.0 7.0 42,0 58.0 
#8 42.5 68.0 0.0 0,0 0.0 0.0 59,5 93.5 
55 10.5 10.5 0.0 0,0 0.0 0.0 3.5 17.5 
72 8.5 17.0 0.0 0,0 0.0 0.0 0,0 8.5-
Subtotal 272.0 345.0 173.0 160.0 139.5 157.0 313,5 395.0 
Table 37 (Continued) 
Treatment 
Molar Concentrations of Tomatine 
Agar 1% Sucrose _ _ 
Hours Control Control 10~^ M lO"* M 7 x 10"^ M 4.2 x 10"^ M 10"^ M 10"^ M 
Replication III 
3 27.0 30.0 27.0 30.0 28.5 30.0 28.5 30.0 
6 22.5 28.5 21.0 28.5 25.5 28.5 27.0 30.0 
9" 21.0 27.0 16.5 27.0 22.5 27.0 27.0 30.0 
12 18.0 27.0 13.5 24.0 18.0 25.5 24.0 30.0 
24 48.0 108.0 24.0 66.0 36.0 72.0 72.0 120.0 
31 17.5 59.5 0.0 21.0 3.5 28.0 31.5 63.0 
48 17.0 110.5 0.0 17.0 0.0 34.0 42.5 76.5 
55 0.0 28.0 0.0 0.0 0.0 0.0 7.0 3.5 
72 0.0 25.5 0.0 0.0 0.0 0.0 8.5 0.0 
Subtotal 171.0 444.0 102.0 213.5 134.0 245.0 268.0 383.0 
TOTAL 687.0 1154.5 404.0 582.5 444.0 607.5 913.5 1026.5 
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Table 38, Analysis of variance in leafhopper survival hours accrued on 
a series of concentrations of tomatine with 1% sucrose 
Analysis of variance 
Degrees of Mean 
Source freedom square 
Total 23 
Treatment 7 25,162.65** 
Error. 16 2,205.66 
**Significant at 0,01 probability 
Table 39, Duncan's multiple range test of mean differences among leaf-
hopper survival hours on a series of concentrations of 
tomatine with 1% sucrose 
10"% 7xlO-*M 10-3% 4.22 X 10-*M C 10-*M 10-5H S 
133,55 148.00 194.16 202,50 229,00 294,50 342.33 384,83 
Any two means underlined by the same line are not significantly 
different at 0,05 probability 
=m Y 2,205,66' = 27,11 (ng = 16) 
Table 40, Imbibition values at 3, 6, 9 and 12 hours on two concentrations of tomatidine with 
and without 1% sucrose 
Treatments 
- - : lO-a M " 10-4 M 
Agar 10" M 10" M 1% Sucrose Tomatidine Tomatidine 
Reps Control Tomatidine Tomatidine Control + 1% Sucrose + 1% Sucrose 
I 16 16 4 24 36 16 
3 hr. II 4 12 12 20 20 32 
III iÊ. is. _36 24 28 
Subtotal 36 40 28 80 80 76 
1 3 6 15 6 0 9 
6 hr. II 9 3 . 0 6 9 3 
III _6 __6 __3 __6 
Subtotal 12 15 21 15 12 18 
I 4 2 0 0 0 4 
9 hr. II 0 0 0 0 0 0 
III _0 _0 __2 _0 _0_ _0 
Subtotal 4 2 2 0 0 4 
12 G O 1 0 0 
12 hr. II 2 0 0 1 \ 1 1 
III __0 _0_ _1 _0 
Subtotal 4 01 2 2 1 
TOTAL 56 57 52 97 94 99 
CO 
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, Table 41. Statistical analysis of imbibition values accrued in response 
to two concentrations of tojnatidine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares Square 
Total 17 1157.62 
Treatments (5) (876.95) 175.39** 
Agar/Sucrose control 1 280.16 280.16** 
Tomatidine/no Tomatidine 1 0.44 0.44 
Tomatidine with/Tomatidine 
without sucrose 1 • 588.00 588.00** 
lO-Sw/lO-^M Tomatidine 1 0.00 0.00 
Interaction 1 8.33 8.33 
Error 12 280.67 23.38 
^^Significant at 0.01 probability 
Table 42. Leafhopper survival hours accrued during first 72 hours of test on two concentrations of 
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Agar 10-3 M lO"* M 1% Sucrose 10-3 ^  ' 10"% M 
Control Tomatidine Tomatidine Control Tomatidine Tomatidxne 
+ 1% Sucrose + 1% Sucrose 
Replication III 
27.0 27.0 30.0 30i0 30.0 30.0 
21.0 22.5 28.5 30.0 30.0 28.5 
15.0 16.5 21.0 30.0 30.0 27.0 
10.5 10.5 15.0 30.0 30.0 25.5 
24.0 24.0 48.0 114.0 120.0 96.0 
3.5 7.0 17.5 63.0 63.0 56.0 
0.0 17.0 17.0 110.5 110.5 127.5 
0.0 , 7.0 0.0 17.5 28.0 21.0 
0.0 3.5 0.0 17.0 34.0 22.5 
101.0 135.0 177.0 442,0 475.5 434.0 
414.0 441.5 446.0 1349.0 1322.0 1306.0 
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Table 43. Statistical analysis of leafhopper survival hours accrued on 
two concentrations of tomatidine with or without 1% sucrose 








Total 17 411,233.63 
Treatments (5) (398,198.30) 
Agar/Sucrose control 1 145,704.16 
Tomatidine/no Tomatidine 1 3.06 
Tomatidine with/Tomatidine 
without sucrose 1 252,445.02 
10-3/10-4 M Tomatidine 1 11.02 
Interaction 1 35.02 








**Significant at 0.01 probability 
Table 44 { Imbibition values at 3, 6, 9 and 12 hours on two concentrations of solan ine with or 











10-3 ^  
Solanine 
* 1% Sucrose 
10"* M 
Solanine 
+ 1% Sucrose 
I 8 4 0 36 24 12 
3 hr. II 8 4 8 28 20 24 
III , _8 _4 il 28 28 IE. 
Subtotal 24 12 20 92 72 68 
• I 6 0 15 3 3 6 
6 hr. II 9 6 15 6 3 3 
III _0 _0 0 
Subtotal 27 6 30 12 12 9 
I 0 0 4 0 2 2 
9 hr. II 6 2 0 0 4 0 
III _0 _4 _6 _2 
_2 _2 
Subtotal 6 6 10 2 8 4 
I 0 2 0 0 0 0 
12 hr. II 0 0 0 1 0 1 
III _1 _0 
Subtotal 0 3 2 1 0 1 
TOTAL 57 27 62 107 92 82 
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Table 45, Statistical analysis of imbibition values accrued in response 
to two concentrations of solanine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source Areedom squares Square 
Total 17 1,581,61 
Treatments. (5) (1,356,94) 271,38** 
Agar/Sucrose control 1 416,66 416,66** 
Solanine/no Solanine 1 117,36 117,36** 
Solanine with/Solanine 
without sucrose 1 602,08 602,08** 
10-3 M/io-% M Solanine 1 52,08 52,08 
Interaction 1 168,75 168,75* 
Error 12 224,68 18,72 
^Significant at 0.05 probability 
**Significant at 0,01 probability 
Table 46. Imbibition values at 3, 6, 9 and 12 hours on a series of concentrations of solanine 
without 1% sucrose 
Treatments 






CO 1 o 
H




I 8 24 0 0- 4 8 8 8 
3 hr. II 4 28 8 0 4 4 0 12 
III _8 _0 4 11 _0 _8 12 
Subtotal 20 68 8 4 20 12 16 32 
I 9 9 9 3 15 3 3 3 
6 hr. II 9 6 0 3 3 9 9 3 
III _6 _9 _3 _9 _6 _9 _0 6 
Subtotal 24 24 12 15 .24 21 12 12 
I 6 0 2 4 0 4 2 2 
9 hr. II 4 0 4 2 2 4 8 2 
III _0 _2 _4_ _4 _2 _4 _2 0 
Subtotal 10 2 10 10 4 12 12 4 
I 0 0 1 1 0 0 3 2 
12 hr. II 2 0 1 0 2 2 1 2 
III _1 _1 _1 0 _0 _1 
Subtotal 3 . 1 4 2 2 2 6 5 
TOTAL 57 95 34 31 50 47 46 53 
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Table 4-7. Analysis of variance in imbibition values accrued in response 
to a series of concentrations of solanine without 1% sucrose 
Analysis of variance 
Degrees of Mean 
Source freedom square 
Total 23 
Treatment 7 128,76** 
Error 16 - 15,66 
**Significant at 0,01 probability 
Table 48. Duncan's multiple range test of mean differences among imbibi­
tion values accrued in response to a series of concentrations 
of solanine without 1% sucrose 
8.2xlO~^M 10" 4.6%10-'*M 2,8xlO-'hi 6,4xl0"''hi lO'^M C S 
10,3 11,3 15.6 15.6 16.6 17.6 19,0 31,6 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 
®m = 15.66 2.28 (n^ = 16) 
Table 49. Leafhopper survival hours accrued during first 72 hours of test oh two concentrations 
of solanine with or without 1%_ sucrose 
- Treatments 
Agar 10-3 M 10-* M 1% Sucrose 10-3 M 10-4 H 
Control Solanine Solanine Control Solanine Solanine 
Hours + 1% Sucrose + 1% Sucrose 
i 
Replication I 
3 27.0 28.5 30.0 30.0 30.0 30.0 
6 21.0 24.0 30.0 30.0 30.0 28.5 
9 16.5 21.0 27.0 30.0 30.0 27.0 
12 13.5 21.0 '• 24.0 ' 30.0 30.0 27.0 
24 42.0 78.0 84.0 120.0 120.0 108.0 
31 17.5 28.0 31.5 66.5 66.5 59.5 
48 17.0 17.0 17.0 127.5 110.5 110.5 
55 0.0 0.0 3.5 38.5 28.0 28.0 
72 0.0 0.0 0.0 51.0 42.5 51.0 
Subtotal 154.5 217.5 247.0 523.5 487.5 ' 469.5 
Replication II 
3 30.0 ào.o 30.0 30.0 30.0 28.5 
6 30.0 28.5 28.5 30.0 30.0 27.0 
9 28.5 25.5 27.0 30.0 30.0 27.0 
12 25.5 22.5 25.5 30.0 28.5 27.0 
24 84.0 ' 68.5 72.0 120.0 96.0 102.0 
31 35.0 21.0 21.0 70.0 45.5 52.0 
48 37.5 17.0 25.5 136.0 76.5 76.5 
55 3.5 0.0 3.5 42.0 17.5 10.5 
72 0.0 0.0 0.0 68.0 25.5 17.0 
Subtotal 274.0 213.0 233.0 556.0 379.5 367.5 
Table 49 (Continued) 
Treatments 
Agar 10-3 ^  lO"* M 1% Sucrose 10"^ M 10'^ M 
Control Solanine Solanine Control Solanine Solanine 
Hours +1% Sucrose + 1% Sucrose 
Replication III 
3 28.5 27.0 30.0 30.0 30.0 30.0 
6 25.5 24.0 30.0 30.0 30.0 30.0 
9 i 22.5 22.5 28.5 28.5 28.5 30.0 
12 21,0 21.0 24.0 27.0 27.0 30.0 
24 60.0 60.0 84.0 96.0 108.0 108.0 
31 14.0 17.5 42.0 45.5 49.0 ! 63.0 
48 8.5 17.0 51.0 76.5 51.0 136.0 
55 0.0 0.0 3.5 21.0 3.5 35.0 
72 0.0 0.0 0.0 25.5 0.0 25.5 
Subtotal 180.0 189.0 293.0 380.0 327.0 487.5 
TOTAL 608.5 619.5 773.0 1459.5 1194.0 1324.5 
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Table 50. Statistical analysis of leafhopper survival hours accrued on 
two concentrations of solanine with or without 1% sucrose 
Analysis of variance 
• Degrees of Sum of Mean 
Source freedom squares square 
Total 17 284,082,00 
Treatments (5) 234,528.16 46,905,63** 
Agar/Sucrose control 1 120,700,16 120,700.16** 
Solanine/no Solanine 1 1,406.25 1,406,25 
Solanine with/Solanine 
without sucrose • 1 105,556,33 105,656,33** 
lO-^M/lO-^M Solanine 1 6,721.33 6,721,33 
Interaction 1 44,08 44,08 
Error 12 49,553.84 .. 4,129,48 
^^Significant at 0.01 probability 
Table 51. Leafhopper survival hours accrued during first 72 hours of test on a series of concen­
trations of solanine without 1% sucrose , 
Treatment 





Control 10-3 8.2 X 10-4 6.4 X 10-4 4.6 X 10"^ 2.8 X 10"* 10-* 
Replication I 
3 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 30.0 25.5 28.5 30.0 30.0 28.5 
9 30.0 30.0 30.0 21.0 24.0 30.0 28.5 27.0 
12 30.0 30.0 30.0 19.5 19.5 30.0 27.0 27.0 
24 120.0 114.0 102.0 54.0 54.0 96.0 90.0 90.0 
30 54.0 51.0 36.0 . 18.0 12.0 24.0 24.0 24.0 
48 90.0 108.0 54.0 36.0 9.0 18.0 18.0 18.0 
54 6.0 18.0 3.0 3.0 0.0 0.0 0.0 0.0 
72 0.0 18.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 
Subtotal 390.0 429.0 315.0 207.0 177.0 258.0 247.5 244.5 
Replication II 
3 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 28.5 30.0 30.0 28.5 30.0 30.0 30.0 
9 30.0 27.0 25.5 28.5 27.0 30.0 30.0 27.0 
12 28.5 27.0 21.0 27.0 27.0 28.5 28.5 24.0 
24 84.0 102.0 72.0 96.0 96.0 84.0 84.0 66.0 
30 24.0 48.0 24.0 30.0 39.0 30.0 24.0 12.0 
48 27.0 117.0 27.0 27.0 63.0 45.0 27.0 9.0 
54 0.0 21.0 0.0 0.0 3.0 0.0 0.0 0.0 
72 0.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0 
Subtotal 253.5 418.5 229.5 268.5 313.5 277,5 253.5 198.0 
Table 51 (Continued) 
Treatment 
Molar Concentrations of Solanine 
10-3 Q^2 X 10-* 6.4 X 10-* 4.6 X 10"^ 2,8 x 10"* lO'* 
Replication III 
3 30.0 28.5 30,0 30,0 30,0 30.0 30,0 30.0 
6 28.5 27.0 30.0 30,0 30,0 30.0 30.0 30.0 
9 27,0 27,0 30.0 30,0 27,0 27.0 30.0 28.5 
12 27.0 27.0 30,0 30.0 22,5 24.0 30.0 25.5 
24 96.0 108.0 96,0 96.0 72.0 78.0 120.0 90.0 
30 36.0 54,0 27,0 27,0 15.0 21.0 51.0 36.0 
48 54,0 117,0 27,0 36.0 0.0 18,0 63.0 45.0 
54 3.0 21,0 0,0 3,0 b.o 0,0 0.0 0.0 
72 0.0 36,0 0,0 0,0 0.0 . 0,0 0.0 0.0 
Subtotal 301.5 445,5 270,0 282,0 196.5 228,0 . 354.0 285.0 
TOTAL 945,0 1293,0 814,5 757,5 687.0 763,5 855.0 727.5 
Agar 1% Sucrose 
Hours Control Control 
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Table 52. Ansilysis of variance in leafhopper survival hours accrued on a 
series of concentrations of solanine without 1% sucrose 
Analysis of variance 
Degrees of Mean 
Source freedom square 
Total 23 
Treatment 7 12,547.83** 
Error 16 2,493.42 
^^Significant at 0,01 probability 
Table 53, Duncan's multiple range test of mean differences among leaf­
hopper survival hours on a series of concentrations of solanine 
without 1% sucrose 
6.4x10-4 M 10-4 M 8.2x10-4 y y.gxlO'^ m lO'S M 2.8xl0"4 M C S 
229.00 242.50 252.50 254.50 271.50 285.00 315.00 430.83 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 
®m = 2.493.42 28.82 (n^ = 16) 
Table 54, Imbibition values at 3, 6, 9 cind 12 hours on three concentrations of solanidine with 





10-3 H SxlO-*^ H 10-4 M 1% Sucrose 10""® M 5x10-'^ M 10-4 M 
Solanidine Solanidine Solanidine Control Solanidine Solanidine Solanidine 
+ Sucrose + Sucrose + Sucrose 
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Table 55. Statistical analysis of imbibition values accrued in response 
to three concentrations of solanidine with or without 1% 
sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 23 1,043.96 
Treatments (7) (677.96) 96.85** 
Agar/Sucrose control 60.16 60.16 
Solanidine/no Solanidine 224.01 224.01** 
. Solanidine with/Solanidine 
without sucrose 227.56 227.56** 
10-3M/5X10-4 M Solanidine 16.33 16.33 
Interaction with sucrose 1 0.33 0.33 
lO-^M/lO-S + Sxlc'^M Solanidine 1 136.11 136.11* 
Interaction with sucrose 13.44 13.44 
Error 16 366.00 22.88 
^Significant at 0.05 probability 
A*Significant at 0.01 probability 
Table 56. Leafhopper survival hours accrued during first 72 hours of test on three concentrations 
of solanidine with or without 1% sucrose 
Treatments 
Agar 10"3 M 5x10"*^ M 10"*^ H 1% Sucrose 10"® M 5x10'^^ M' 10"^ H 
Hours Control Solanidine Solanidine Solanidine Control Solanidine Solanidine Solanidine 
+ Sucrose , + Sucrose + Sucrose 
Replication I 
3 30,0 30.0 28.5 30.0 30.0 30.0 30.0 28.5 
6 30.0 28.5 25.5 30.0 30.0 30.0 30,0 25.5 
9 27,0 27,0 24.0 30.0 30.0 30.0 28,5 24.0 
12 24,0 25,5 24.0 30.0 30.0 30.0 27,0 24.0 
24 90.0 90,0 78.0 80.0 120.0 102.0 108.0 78.0 
30 39.0 42,0 30.0 30.0 57.0 36.0 51.0 30.0 
48 81.0 63,0 81.0 54.0 144.0 45.0 99.0 63,0 
54 12.0 0,0 6.0 6.0 39.0 0,0 15.0 6.0 
72 18.0 0,0 0.0 9.0 90.0 0,0 36.0 0,0 
Subtotal 351.0 306,0 297.0 299.0 570.0 303,0 424.5 279.0 
Replication II 
3 27.0 30.0 30,'0 30.0 27.0 28,5 28,5 30,0 
6 24.0 28,5 30.0 28.5 24.0 27.0 27,0 28,5 
9 22.5 27,0 28.5 25.5 24.0 27,0 27.0 27,0 
a. 21.0 22,5 27.0 22.5 22.5 27.0 25.5 25,5 
24 60.0 60.0 96.0 78.0 84.0 108.0 90.0 90,0 
3Q 18.0 21.0 39.0 27.0 42.0 48.0 42.0 42.0 
48 36.0 45.0 72.0 36.0 117.0 108,0 126.0 108.0 
54 6.0 9.0 9.0 3.0 33.0 24.0 36.0 21.0 
72 9.0 9.0 . 9.0 0.0 54.0 27.0 45.0 18.0 
Subtotal 223.5 252.0 340.5 250.5 427.5 - 424.5 447.0 390.0 
Table 56 (Continued) 
Treatments 
Agar 10-3 M 5x10-% M 10"* M 1% Sucrose 10"® H 5x10"* M 10"* M 
Hours Control Solanidine Solanidine Solanidine Control Solanidine Solanidine Solanidine 
+ Sucrose + Sucrose + Sucrose 
Replication III 
3 30.0 , 28.5 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 25.5 28.5 28.5 30.0 30.0 28.5 28.5 
9 30.0 22.5 27.0 27.0 30.0 30.0 25.5 27.0 
12 28.5 21.0 27.0 25.5 30.0 30.0 24.0 25.0 
24 90.0 78.0 90.0 90.0 114.0 120.0 78.0 90.0 
30 33.0 33.0 30.0 39.0 45.0 57.0 30.0 39.0 
48 63.0 63.0 54.0 90.0 99.0 117.0 81.0 90.0 
54 12.0 9.0 9.0 21.0 24.0 18.0 18.0 21.0 
72 18.0 9.0 9.0 36.0 36.0 • 27.0 18.0 36.0 
Subtotal 334,5 289.5 304,5 387.0 438.0 459.0 333.0 386.5 
TOTAL 909.0 847.5 942.0 936.5 1435.5 ' 1186.5 1204.5 1055.5 
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Table 57, Statistical analysis of leafhopper survival hours accrued on 
three concentrations of solanidine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 23 154,725.12 
Treatments (7) (91,621.78) 13,088.82* 
Agar/Sucrose controls 1 46,200.38 46,200.38** 
Solanidine/no Solanidine 1 10,296.12 10,296.12 
Solanidine with/Splanidine 
without sucrose 1 28,840,01 28,840.01* 
10"3M/5xl0-y^ M Solanidine 1 1,054,68 1,054.68 
Interaction with sucrose . 1 487,70 487.70 
lO-^M/lO-S + 5x10-4 M Solanidine 1. 1,072,56 1,072.56 
Interaction with sucrose 1 3,670.34 3,670.34 
Error 16 63,103.34 3,943,96 
^Significant at 0,05 probability 
^^Significant at 0,01 probability 
Table 58, Imbibition values at 3, 6» 9 and 12 hours on three concentrations of demissidine with 
or without 1% sucrose 
Treatments 
Agar 10-3 „ 5x10"'^ M lO"* M 1% Sucrose 10"^ H - 5x10"^ M lO'^ M 
Control Demissidine Demissidine Demissidine Control Demissidine Demissidine Demissidine 
Reps + Sucrose + Sucrose + Sucrose 
I 12 4 8 0 16 4 0 12 
3 hr. II 0 0 4 8 16 4 8 8 
III _0 0 _4 22 _0 __4 _4 
Subtotal 20 4 12 12 44 8 12 24 
• I 9 0 6 9 6 6 9 3 
6 hr. II 3 0 3 0 6 0 6 0 
. Ill _6 _0 _3 _3 __3 6 _6 
Subtotal 18 0 9 12 15 9 21 9 
I 0 0 2 6 2 2 4 0 
9 hr. II 4 0 4 4 2 0 2 4 
III _2 0 _2 _2 _2 _4 _2 
Subtotal 8 2 6 12 6 4 10 6 
I 2 2 1 0 0 3 0 1 
12 hr. II 0 1 0 0 0 1 0 3 
III _1 _0 _1 _1 __2 
-2. _0 
Subtotal 3 3 2 1 2 5 2 4 
TOTAL 19 9 29 37 67 26 45 43 
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Table 59, Statistical analysis of imbibition values accrued in response 
to three concentrations of demissidine with or without 1% 
sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 23 1,088.96 
Treatments (7) ( 700.96) 100.14** 
Agar/Sucrose control 1 54.00 54.00 
Demssidine/no Demissidine 1 351.12 351.12** 
Demissidine with/Demissidine 
without sucrose 1 84.50 84.50* 
5xl0-^M/10-4^ M Demissidine 1 3.00 3.00 
Interaction with sucrose 1 8.33 8.33 
lO-^/SxlO-*^ + 10-4 jj Demissidine 1 196.00 196.00** 
Interaction with sucrose 1 4.00 4.00 
Replications 2 142.34 71.17* 
Error 1% 245.66 17.54 
^Significant at 0.05 probability 
^^Significant at 0,01 probability 
Table 60, Leafhopper survival hours accrued during first 72 hours of test on three concentrations 
of demissidine with or without 1% sucrose 
Treatments 
Agar 10-3 ^  5x10"^^ M 10"% M 1% Sucrose 10"^ M SxlO"'^ M lO"* M 
Control Demissidine Demissidine Demissidine Control Demissidine Demissidine Demissidine 
Hours + Sucrose + Sucrose + Sucrose 
Replication I 
3 30.0 28.5 28.5 30.0 30.0 28.5 30.0 30.0 
6 28.5 27.0 25.5 27.0 28.5 27.0 30.0 28.5 
9 24.0 25.5 18.0 21.0 27.0 25.5 27.0 27.0 
12 18.0 24.0 12.0 1 18.0 25.5 22.5 24.0 25.5 
24 42.0 66.0 36.0 60.0 78.0 78.0 84.0 90.0 
30 6.0 15.0 9.0 15.0 29.0 36.0 33.0 39.0 
48 0.0 18.0 9.0 9.0 45.0 63.0 54.0 85,0 
54 0.0 0.0 0.0 ' 0.0 0.0 12.0 6.0 15.0 






204.0 138.0 180.0 263.0 301.5 297.0 358.0. 
Replication II 
3 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
6 28.5 30.0 27.0 28.5 30.0 30.0 30.0 30,0 
9 25.5 28.5 24.0 24.0 30.0 28.5 30.0 30.0 
12 24.0 27.0 22.5 19.5 28.5 27.0 30.0 30.0 
24 90.0 90.0 78.0 60.0 96.0 96.0 114.0 114.0 
30 36.0 30.0 30.0 21.0 42.0 30.0 54.0 54.0 
48 . 45.0 36.0 45.0 45.0 81.0 63.0 126.0 117.0 
54 0.0 0.0 6.0 6.0 9.0 12.0 27.0 24.0 
72 0.0 0.0 9.0 0.0 9.0 18.0 54.0 36,0 
Subtotal 279.0 271.5 271.5 234.0 355.5 334.5 495.0 465.0 
'V 
Table 60 (Continued) 
« 
Treatments 
> - . - • ' ' 
Agar 10-3 » SxlO"*^ M 10"* M . 1% Sucrose 10"® M SxlO"*^ M lO"* M 
Control Demissidine Demissidine Demissidine Control Demissidine Demissidine Demissidine 
Hours + Sucrose + Sucrose + Sucrose 
Replication III 
3 28.5 30.0 28.5 27.0 30.0 30.0 30.0 28.5 
6 27.0 28.5 25.5 22.5 30.0 28.5 30.0 24.0 
1 9 25.5 24.0 24.0 21.0 30.0 25.5 28.5 21.0 
12 21.0 18.0 19.5 18.0 28.5 24.0 24.0 21.0 
24 72.0 48.0 42.0 48.0 84.0 72.0 72.0 72.0 
30 30.0 15.0 12.0 12.0 30,0 24.0 27.0 27.0 
48 36.0 27.0 27.0 9.0 76.0 36.0 45.0 63.0 
54 0.0 6.0 3.0 0.0 12.0 0.0 3.0 15.0 
72 0.0 9.0 0.0 0.0 9.0 0.0 0.0 27.0 
Subtotal 240.0 205.5 181.5 157.5 329.5 240.0 259.5 298.5 
TOTAL 667.5 681.0 591.0 571.5 948.0 876.0 1051.5 1121.5 
Ill 
Table 61, Statistical analysis of leafhopper survival hours accrued on 
three concentrations of demissidine with or without 1% sucrose 
Analysis of variance 
Degrees of Sum of Mean 
Source freedom squares square 
Total 23 186,537.34 
Treatments (7) (106,815.67) 15,259.38** 
Agar/Sucrose control 1 13,113.39 13,113.39* 
Demissidine/no Demissidine 1 29.38 29.38 
Demissidine with/Demissidine 
without sucrose 1 80,735.01 80,735.01** 
5xi0"^M/10-% M Demissidine 1 212.52 212.52 
Interaction with sucrose 1 667.52 667.52 
10-3M/5xl0-4 + 10-4 M Demissidine 1 1,362.84 1,362.84 
Interaction with sucrose 1 10,695.00 10,695.00* 
Replications 2 54,032.34 27,016.17** 
Error If 27,689.33 1,977.80 
^Significant at 0.05 probability 
**Significant at 0.01 probability 
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Table 62, Imbibition values at 3, 6, 9 and 12 hours on a single concen­
tration of Solanum chacoense extract with 1% sucrose 
. Agar 1% Sucrose .091% Extract 
Reps Control Control + 1% Sucrose 
I 4 16 0 
3 hr. II 4 28 0 
III _0 20 _8 
Subtotal 8 64 8 
13 9 12 
6 hr. II 6 3 0 
III _6 _6 _3 
Subtotal 15 18 15 
I 2 0 0 
9 hr. II 2 4 0 
III J] _2 
Subtotal 4 6 2 
I 1 1 1 
12 hr. II 1 0 2 
. Ill _4 _1 
Subtotal 6 2 4 
TOTAL 33 90 29 
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Table 63» Analysis of variance in imbibition values accrued in response 
to a single concentration of Solanum chacoense extract with 
1% sucrose 














^^Significant at 0,01 probability 
Table 64. Duncan's multiple range test of mean differences among imbibi­
tion values accrued in response to a single concentration of 
Solanum chacoense extract with 1% sucrose 
Extract Agar Sucrose 
+ sucrose control control 
9,66 11,00 30,00 
Any two means underlined by the same line are not significantly 
different at 0,01 probability 
Sjji — "1 / 22«/7^ — 2,76 (n2 — 6) 
Table 65. Imbibition values at 3, 6, 9 and 12 hours on four concentrations of Solanum chacoense 
extract with 1% sucrose 
Per cent of Extract 
Agar 1% Sucrose ,0910% .0455% ,0091% .0046% 
Reps Control Control + 1% Sucrose + 1% Sucrose + 1% Sucrose + 1% Sucrose 
I 8 16 16 12 16 20 
3 hr. II 8 12 8 12 16 • 16 
- Ill il M. 20 22 16 
Subtotal 28 44 44 36 52 52 
I 12 9 9 12 6 3 
6.hr, II 0 9 0 9 3 9 
III _3 _6 _6 _6 __9 
Subtotal 15 24 15 27 12 21 
I 0 2 4 0 0 4 
9 hr, II . 6 6 4 6 6 2 
III _6 _4 _0 _4 _2 __6 
Subtotal 12 12. 8 10 8 12 
I 2 1 0 2 2 1 
12 hr. II 0 1 3 0 0 0 
III _2 0 , _1 2 0 0 
Subtotal 4 2 4 4 2 1 
TOTAL 59 82 71 77 74 86 
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Table 66, Analysis of variance in imbibition values accrued in response 
to four concentrations of Solan tun chacoense extract with 1% 
sucrose 
Analysis of variance 
Degrees of Mean 
Source freedom square 
Total 17 
Treatment 5 29,78 
Replications 2 23,38 
Errors 10 13,32 
Table 67, Duncan's multiple range test of mean differences among imbibi­
tion values accrued in response to four concentrations of 
Solanum chacoense extract with 1% sucrose 
c 0,0910% 0,0091% 0,0455% S 0,0046% 
19,6 23,6 24,6 25,6 27,3 28,6 
Any two means underlined by the same line are not significantly 
different at 0,05 probability 
®in " -^13"32 = 2,10 (ng = 10) 
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Table 68, Leafhopper survival hours accrued during first 72 hours of test 
on a single concentration of Solanum chacoense extract with 1% 
sucrose 
Agar 1% Sucrose Extract Agar 1% Sucrose Extract 
Hours Control Control + 1% Sucrose Control ' Control + 1% Sucrose 
Replication I Replication II 
3 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 30.0 30.0 28.5 28.5 
9 28.5 28.5 30.0 30.0 27.0 25.5 
12 25.5 27.0 30.0 30.0 27.0 24.0 
24 96.0 108.0 114.0 114.0 108.0 96,0 
32 56.0 72.0 72.0 68.0 68.0 60.0 
48 72.0 128.0 88.0 80.0 128.0 88.0 
56 24.0 44.0 8.0 16.0 52.0 28.0 
72 24.0 48.0 0.0 16.0 48.0 32.0 
Sub­
total 386.0 515.5 402.0 414.0 516.5 412.0 
Replication III 
3 30.0 30.0 30.0 
6 30.0 30.0 30.0 
9 30.0 30.0 30.0 
12 30.0 30.0 30.0 
24 120.0 120.0 108.0 
32 64.0 80.0 60.0 
48 56.0 136.0 80.0 
56 4,0 44.0 20.0. 
72 0.0 32.0 16.0 
Sub­
total 364.0 532.0 404.0 
TOTAL 1164.0 1564.0 1218.0 
117 
Table 69, Analysis of variance in leafhopper survival hours accrued on a 
single concentration of Solanum chacoense extract with 1% 
sucrose 
• 







Treatment 2 15,676,58** 
Error 6 246,88 
^^Significant at 0,01 probability 
Table 70, Duncan's multiple range test of mean differences among leaf-
hopper survival hours on a single concentration of Solanum 







388,16 405,00 521,33 
Any two means underlined by the same line are not significantly 
different at 0,01 probability 
~ ^246.88 = 9,07 (n^ = 6) 
Table 71. Leafhopper survival hours accrued during first 72 hours of test on four concentrations 
of Solanum chacoense extract with 1% sucrose 
Per cent of Extract 
Agar 1% Sucrose .0910% .0455% .0091% .0046% 
Hours . Control Control + 1% Sucrose + 1% ,Sucrose + 1% Sucrose + 1% Sucrose 
Replication I 
3 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 30.0 30.0 30.0 30.0 
9 30.0 30.0 30.0 30.0 30.0 28.5 
12 28.5 30.0 30.0 30.0 30.0 27.0 
24 102.0 120.0 114.0 108.0 102.0 102.0 
31 52.5 66.5 56.0 52.5 49.0 56.0 
«8 68.0 119.0 85,0 93.5 68.0 85.0 
55 7.0 28.0 14.0 21.0 3.5 10.5 
72 8.5 25.5 8.5 17.0 0.0 17.0 
Subtotal 356.5 • 479.0 397.5 412.0 342.5 386.0 
Replication II 
3 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 30.0 30.0 30.0 30.0 
9 SO.O 30.0 30.0 28.5 30.0 30.0 
12 30.0 30.0 30.0 27.0 28.5 30.0 
24 114.0 120.0 120.0 102.0 108.0 114.0 
31 56.0 70.0 63.0 52.5 63.0 59.5 
48 76.5 153.0 93.5 93.5 153.0 127.5 
55 • 7.0 52.5 17.5 24.5 52.5 31.5 
72 0.0 85.0 17.6 34.0 59.5 17.0 
Subtotal 373.5 600.5 431.0 422.0 554.5 469.5 
Table 71 (Continued) 
Per cent of Extract 
Agar 1% Sucrose .0910% .0455% .0091% .0046% 
Hours Control Control + 1% Sucrose + 1% Sucrose + 1% Sucrose + 1% Sucrose 
Replication III 
3 30.0 30.0 30.0 30.0 30.0 30.0 
6 30.0 30.0 30.0 30.0 30.0 30.0 
g 30.0 30.0 28.5 30.0 30.0 30.0 
12 30.0 30.0 27.0 30.0 30.0 30.0 
24  ^ 114.0 114.0 96.0 120.0 120.0 120.0 
31 56.0 59.5 42.0 63.0 66.5 66.5 
48 76.5 127.5 59.5 110.5 127.5 136.0 
55 10.5 42.0 10.5 28.0 31.5 38.5 
72 8.5 51.0 8.5 25.5 25.5 34.0 
Subtotal 385.5 514.0 332.0 467.0 491.0 515.0 
TOTAL 1115.5 1593.5 1160.5 1301.0 1388.0 1370.5 
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Table 72. Analysis of variance in leafhopper survival hours accrued on 
four concentrations of Solanum chacoense extract with 1% 
sucrose 
Source 
















*Significant at 0.05 probability 
Table 73. Dunccin's multiple range test of mean differences among leaf-
hopper survival hours on four concentrations of Solanum 
chacoense extract with 1% sucrose 
c 0.0910% 0.0155% 0.0046% 0.0091% S 
371.83 * 386 ..83 433.66 456.83 462.66 531.16 
Any two means underlined by the same line are not significantly 
different at 0.05 probability 
= -J2.732.69~ = 30.18 (ng = 10) 
